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EXPERIMENTAL OBSTRUCTIVE JAUNDICE 

ITS EFFECT OK FIERIKOGEK AKD COAGULATION OF THE BLOOD 

WALTER MOSS, M.D. 

House Surgeon, Oiarity Hospital 

NEW ORLEANS 

The scientific explanation of the hemorrhagic tendency in patients 
suffering with jaundice has been energetically sought for by a great 
number of investigators, some of whom are apparently definitely 
convinced by the results of their experimental work that the problem 
is settled. It is difficult for one reviewing the literature to come to 
any definite conclusion in his oivn mind relative to this phenomenon, 
because of the wide diversity of opinions and because of the conflicting 
data in the literature. 

The fibrinogen content of the blood plasma has not been investigated 
carefully from an experimental standpoint as a possible cause for this 
hemorrhage, and it was with that in mind that the work herein submitted 
was done in an attempt to arrive at some solution of this perplexing 
and vexing problem. 

After considering this subject theoretically, it seems that the hemor- 
rhagic tendency in these patients might be attributed to the presence 
of abnormal amounts of fibrinogen, which plays such a prominent role 
in the coagulation of the blood. It is conceded that the greater part 
of the blood fibrinogen has its origin in the liver, and the fibrinogen 
content of the plasma has been shown to var>' with conditions of the 
liver. It is assumed, of course, that obstruction to the outflow of bile 
liy the normal route causes more or less hepatic damage. 

The restoration of fibrinogen to its normal level in the blood after 
depletion from any cause, e. g., bleeding, is almost exclusively accom- 
plished by the liver, as was indicated by Howe.^ Alann and Bollman 
demonstrated that following complete extirpation of the liver the fibrino- 
gen of the blood did not return to its normal level after bleeding. Recent 
investigations, particularly those of Howe,- point to the liver as the 
main source of supply of fibrinogen. 

From tlic Department oi S«rgcr>-, Tulane University. 

Thesis submitted to the faculty of the Graduate Schwl of Tulanc Univercitv 
m partial fulfilment of the requirements for the degree of Master of Science. ' ’ 

1. Howe; J. Biol. Chem. 57:235 (Aug.) 1923. 

2. Mann and BoHiiinti : Proc. Staff Meet.. Mayo Qin. 4:323 (Nov.) 1929 

o. Howe; Physiol. Rev. 5:439, 1925. 
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Whipple attributed the origin of fibrinogen to the liver. Foster 
and Whipple'* found that the fibrinogen content of the plasma is 
reduced by measures that cause destruction of hepatic tissue. McAIaster 
and Drury ® further confirmed the fact that fibrinogen is of hepatic 
origin. The blood of normal animals was defibrinated and reinjected, 
and it ■\vas found that 90 per cent of the normal fibrinogen content 
was present in six hours. When hepatectomized animals were treated 
in the same way, there was noted a slight rise of fibrinogen in from 
four to five hours, presumabl}' from a reserve in the tissues, but after 
from four to five hours the fibrinogen content decreased until death. 
It was concluded that without the liver the organism apparently has 
no power to regenerate fibrinogen. 

On the basis of the aforementioned results and similar personal 
observations, Full,“ McLester ' and many others concluded that the 
fibrinogen content of the plasma maj' be used as an index to hepatic 
function. Peters and \^an Sl3'ke ® contended that decrease in fibrinogen 
content does not parallel the degree of destruction of the liver. They 
admitted, however, that severe injurj' to the liver is, in a number of 
cases, attended with decrease in plasma fibrinogen. Foster and \^^hipple ‘ 
showed that inflammatory and destructive lesions of the liver cause 
an increase in fibrinogen as would a normal stimulus. When the loss 
of liver substance is so great that the organ can no longer meet the 
demands of the body, fibrinogen decreases. 

Wiener and Wiener conceded that changes in the permeabilit}’- of 
the endothelium may be responsible for, or may influence, the change in 
concentration of fibrinogen in the plasma. Peterson assumed that the 
capillaries govern permeability b}' highly specialized function. Their 
endothelial walls act as an “ultrafilter,” and any changes in their 
structure should result in altered concentrations of the various 
materials that are allowed to pass. Permeability of the capillaries 
depends on permeability of the endothelial cells in the walls of the vessels. 
An increase in this permeability may be caused b)"- dilatation from 
physical, nervous or chemical stimuli (Krogh and by increased 

4. Foster and Whipple: Am. J. Phj'siol. 58:407, 1922. 

5. McMaster and Drury: Proc. Soc. Exper. Biol. & Iiled. 26:490, 1929. 

6. Full: 'Verhandl. d. Kong. f. inn. Med. 33:201, 1921. 

7. McLester: Diagnostic Value of Blood Fibrin Determinations with Special 
Reference to Disease of the Liver, J. A. M..A. 79:17 (July 1) 1922. 

8. Peters and Van Slyke: Quantitative Clinical Chemistry, Baltimore, W^il- 
liams & Wilkins Company, 1931. 

9. Wiener and Wiener: Plasma Proteins, Arch. Int. Med. 46:236 (.^ug.) 
1930. 

10. Krogh: Anatomy and Physiology' of Capillaries, New Haven. Conn., Yale 
University Press, 1923, p. 230. 
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capillary 23ressure or injur}- (Landis The viscosity of fibrinogen 
is known to be greater than that of the serum proteins, and the permea- 
bility of hepatic endothelium is said to be greater than that of any other 
endotheliimi. Wiener and Wiener,’ after an exhaustive study of 
fibrinogen and serum proteins in man, concluded that the physiologic 
limits of the concentration of fibrinogen in the plasma are at wide 
variance. Their reports, from investigation of the amounts of these 
substances in various physiologic and pathologic conditions, show that 
the fibrinogen is slightly increased during menstruation and definitely 
increased during the later months of pregnancy and during the puer- 
perium. They concluded further that any irritation of the liver, i. e., 
slight infections, exposure to the x-rays, ingestion of chloroform and 
phosphorus in small doses and all inflammatoiy' processes, produces an 
increase in the fibrinogen content of the plasma. In cirrhosis of the 
liver, they found a slight increase early in the process, but a decrease 
or low -normal fibrinogen content later, whereas concurrent infections 
elsewhere in the body caused only slight increases. In the presence of 
jaundice without pyrexia, the concentration of fibrinogen was found 
to be within normal limits. In cholecystitis, the findings are similar 
to those in infections. Pickering^’ also noted a definite decrease in 
fibrinogen content of the plasma in cases of cirrhosis of the liver. 
Whipple and Hurwitz showed that small doses of chloroform and 
phosphorus increase the coagulability of the blood and increase the 
fibrinogen content of the plasma, but that large doses of these “liver 
poisons” produce the opposite effect. 

There has been a great deal of controversy among investigators in 
the clinical field, as well as among those in the experimental laborator}-, 
concerning the cause of hemorrhage in jaundiced patients. Most of 
the work that has been done has been to determine whether or not 
fluctuation in the calcium content of the serum occurs, and whether 
or not these changes affect coagulability of the blood in jaundiced 
patients. 

In reviewing the literature it is difficult, because of the vast difference 
in opinions, for one to obtain any established facts concerning the 
effect that calcium content of the blood has on coagulabilit}-. These 
opinions are based on results obtained in the clinic and the laboratory ; 
thus it is impossible to conclude that any constant relationship exists. 
Halverson, IMohlcr and Eergeim ” reported a slight reduction in calcium 

11. Landis: .'\m. J. Pliysiol. 81:12-1, 1927. 

12. Pickering : Tlic Blood Plasma in Health and Disease, Xcw York, The 
Macmillan Company, 192S, p. 2-1. 

13. Whipple and Ilurwitz: 1. Hxper. Med. 13:136. 1911. 

1-1. Halverson: Mohlcr. and Btrtrcim: Calcium in the Blor-<l in Tnhcrcnlosis, 
1, .\. M. .X, GS:1.300 (May 51 1917. 
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content of blood serum in jaundice. The reduction noted was considered 
more apparent than real. Koechig arrived at the same conclusion. 
Walters and Bowler,^® Snell, Greene and Rowntree and Zimmerman 
found no change in serum calcium in obstructive or other types of 
jaundice. Kirk and King reported moderate reductions in total cal- 
cium, but greater reductions in diffusible calcium, emphasizing the 
importance of the role that the diffusible, or ionizable, calcium plays 
in coagulation. Emerson corroborated the findings of Kirk and King 
b}' a series of experiments, and called attention to the fact that the 
probable source of error obtained b}- other investigators was the dis- 
regard of the effect of ether anesthesia. He demonstrated that specimens 
of blood taken during or shortK after ether anesthesia show an increase 
in calcium content of the serum. The experimental results obtained by 
Emerson are not fraught with this error. He showed that in jaundice 
the serum calcium is diminished concomitantly with diminished coag- 
ulability of the blood, and he was able to restore calcium to the nomial 
level by administration of calcium salts in therapeutic doses. Emerson 
also found an increase in serum calcium in animals with biliar}’- fistulas. 
Buchbinder and Kern found no alteration in serum calcium after 
ligation of the common bile duct of the adult dog, but a progressive 
decrease after the same procedure in the puppy. Subsequently, these 
same authors found that, after producing obstructive jaundice in 
th)Toparathyroidectomized animals, there resulted a diminution or an 
absence of tetany. The period of survival of the animals suffering with 
tetany was prolonged if the jaundice was maintained over a considerable 
length of time. If, after removal of the parathyroid glands, the animals 
were subjected to “acute” jaundice, they suffered with severe and ter- 
minal tetany. The conclusion was drawn that tetany was altered by 
obstructive jaundice, on the basis of (1) the response of the thyro- 
parathyroidectomized animal, (2) the relief from tetany following 
intravenous injection of bile and (3) the absence of tetan}"^ in late 
obstructive jaundice in the puppy with calcium at the tetanic level. 
One is here reminded of the action of bile as a depressant of the central 

15. Koechig: J. Lab. & Clin. Med. 9:679 (July) 1924. 

16. Walters and Bowler: Surg., Gynec. & Obst. 39:200 (Aug.) 1924. 

17. Snell; Greene, and Rowntree: Diseases of the Liver: Comparative Study 
of Certain Tests for Hepatic Function in Experimental Obstructive Jaundice, 
Arch. Int. Med. 36:273 (Aug.) 1925. 

18. Zimmerman: Am. J. M. Sc. 174:379 (Sept.) 1927. 

19. Kirk and King: J. Lab. & Clin. Med. 11:928 (July) 1926. 

20. Emerson: J. Lab. & Clin. Med. 11:122 (Nov.) 1928. 

21. Buchbinder and Kern: Experimental Obstructive Jaundice: II. Itlodifica- 
tion of the Parathj'roid Tetany Mechanism in Jaundice, Arch. Int. Med. 41:754 
^May) 1928. 
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nervous system ; i. c., it raises the threshold of nervous excitability. 
Snell and Greene emphasized the fact that there is no agreement con- 
cerning the variation in the calcium content of the serum in jaundice. 
The}" found that in jaundice all the fractions of the serum calcium — 
the total, the nondiffusible and the diffusible — are equally affected. 
They concluded that the amount of alteration in the diffusible calcium 
of jaundiced patients is not significant. The coagulation time rvas not 
considered by Snell, Greene and Rowntree, but they expressed the belief 
that it is affected by calcium in some more complicated mechanism 
rather than directly. The variation in dogs and patients was reported 
insignificant. Gunther and Greenberg stated that a review of the 
literature produced no proof of a deficiency of available calcium in 
the blood of jaundiced patients, nor any direct proof of a deficiency 
of diffusible calcium in the serum. They observed in jaundiced patients 
a diminution in the nondiffusible calcium, but parallel with this was a 
loss of serum albumin accounted for b}' a decrease in total serum pro- 
teins. They contended that this cannot be interpreted as an indication 
of a deficiency of available calcium. They found that the concentration 
of nondiffusible calcium was low in a few patients with jaundice, but 
that there was an accompanying lowered concentration of serum albumin, 
and that the concentration of neither serum albumin nor nondiffusible 
calcium fluctuated with the degree of jaundice. The nondiffusible frac- 
tion of serum calcium was considered to be low as a result of the low 
serum albumin. It was shown that the value of diffusible calcium is a 
more accurate measure of the ph3’-siologically available calcium than 
the value of either the nondiffusible or the total calcium fraction in 
the serum. Gunther and Greenberg contended that factors other than 
alteration in the amount of available calcium must be sought for to 
explain satisfactorily abnormal bleeding in jaundiced patients. Waltman 
Walters,-^ recently, in an excellent treatise on obstructive jaundice, 
presented evidence to the effect that calcium, given in therapeutic dosage, 
is rapidly excreted by the kidneys. It does not accumulate in the blood, 
and the normal level of the serum calcium is restored in two hours. 

Ravdin, Riegel and Morrison compared the relative merits of 
calcium and dextrose as hemostatic agents in the presence of jaundice, 
and agreed with Bancroft, Kugelmass and Stanley-Brown that coagu- 

22. Snell and Greene: Am. J. Physiol. 92:630 (April) 1930. 

23. Gunther and Greenberg; I. The Diffusible Calcium and the Proteins o: 
the Blood Serum in Jaundice, Arch. Int. Med. 45:983 (June) 1930. 

24. Walters, Waltman: Obstructive Jaundice: Physiological and Surgical 
Aspects, Rochester, Minn., Mayo Foundation, University of Minnesota. 1931. 

25. Ravdin; Riegel, and Morrison: Ann. Surg. 91:801 (June) 1930. 

26. Bancroft; Kugelmass, and Stanley-Brown: .■\nn. Surg. 90:161, 1929. 
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lation and bleeding times are of little value in determining a hemor- 
rhagic tendenc)c Thej^ claimed that, in spite of the agitation favoring 
the use of calcium in cases of obstructive jaundice, no one has clinically 
demonstrated a deficiency of serum' calcium in these cases. Dextrose is 
used, and it was suggested that it may help in restoration and repair of 
the damaged liver. Thej^ cited Minot and Cutler's demonstration of 
the beneficial effect of the use of calcium in dogs with hepatic degenera- 
tion, in the blood of which there occurred, as a result of this disease, an 
increase in guanidine and like substances. They took issue with Partos 
and Svec -®.in their contention that hyperglycemia results from the use 
of calcium, on the ground that it does not occur consistently. Never- 
theless, the}' found that calcium therap)' was efficacious in diminishing 
the damage to the liver produced by biliary obstruction. Schreiber-" 
and Kehr suggested the use of dextrose preoperatively in cases of 
jaundice. Since 1920, the use of this substance has become widespread. 
ff'’alters and ^^’hipple advocated the use of dextrose and calcium 
and considered dextrose of primary importance as regards the reduction 
of mortality from surgical operations. Davis, Hall and Whipple 
asserted that a diet high in carbohydrate would affect regeneration 
of hepatic tissue at the rate of 100 Gm. daily. Ravdin et aU^ stated 
that a diet high in carbohydrate causes more rapid restoration of hepatic 
structure after release of biliary obstruction and exerts a definitely 
favorable effect while obstruction exists. They stated that clinical 
patients whose blood has a prolonged clotting time have severe hepatic 
damage. Mann, Bollman and Markowitz showed in hepatectomized 
animals that there occurs ; ( 1 ) a variable change in coagulation of the 
blood; (2) a diminution of fibrinogen content, after depletion of the 
latter from hemorrhage, with partial or no restoration of the same, and 
(3) no parallelism between fibrinogen content and coagulability of the 
blood. The latter point was confirmed by work on normal and jaundiced 
dogs by Ravdin, Riegel and ]\Iorrison.“° IMinot and Cutler demon- 
strated in dogs an increase in guanidine content of the blood associated 
with hypoglycemia in the presence of jaundice. Ellis showed that 

27. Minot and Cutler; Proc. Soc. Expcr. Biol. & Med. 26:607, 1929. 

28. Partos and Svec: Arch. f. d. ges. Physiol. 218:209, 1930. 

29. Schreiber: 'Zentralbl. f. Chir, 2.T200, 1913. 

30. Kehr: Ergebn. d. Chir. u. Orthop. 8:471, 1914. 

31. Walters: Surg., Gj'nec. & Obst. 33:651, 1921. 

32. AVhipple; S. Clin. North America 1:373, 1921. 

33. Davis; Hall, and AVhipple; The Rapid Construction of Liver Cell Protein 
on a Strict Carbohydrate Diet Contrasted with Fasting: ]\Iechanism of Protein- 
Sparing Action of Carboh 3 'drate, Arch. Int. Med. 23:689 (June) 1919. 

34. Mann; Bollman, and Markowitz; Am. J. Phj'siol. 90:445, 1929. 

35. Ellis: Biochem. J. 22:353 and 930, 192S. 
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dextrose protects the experimental animal from toxemia due to guani- 
dine, definitely proving that it is of value in a restorative role. Partos 
and Svec proved that substances which increase the coagulability 
of the blood mobilize gtycogen and produce hypergtycemia, and that 
substances prolonging the coagulation time cause hypoglycemia. Cannon 
and Gray showed that epinephrine causes increase in blood sugar and 
increase in coagulability of the blood. Rabinovich demonstrated that 
the coagulation time was diminished following anesthesia, and empha- 
sized the fact that during the first fifteen minutes of anesthesia the 
blood sugar increases. Bold3'reff,"^ followed bj' Turcatti,^“ expressed 
opinions opposite to these. Bold3-reft' stated that with complete loss of 
pancreatic secretion there is a rise in blood sugar with diminution in 
coagulability of the blood. Ravdin, Riegel and Morrison stated that 
h3'pergtycemia does not increase the coagulabilit3’ of the blood in all 
cases, but that hypergl3-cemia and increase in the coagulability of the 
blood are present in a great man3’ cases. They suggested that de.xtrose 
has the effect of stimulating the formation of fibrinogen, but their 
experimental data do not bear out this assumption. Svec injected 
insulin into experimental animals, producing h3-poglycemia, which was 
followed by diminution in coagulability of the blood. Partos con- 
firmed these results, and showed that diabetic animals had increased 
coagulability of the blood. He was able to produce similar effects by 
administration of epinephrine h3’drochloride to one series of depancrea- 
tized dogs and morphine to another series. W'alters -* stated that he 
considers the preoperative administration of de.xtrose to be of extreme 
importance in these cases. He also favors small doses of calcium 
chloride (5 grains [ 0.32 Gm.j), intravenoush', for three da3-s prior to 
operation. 

Heparin has been investigated in Howell’s laborator3-. Howell 
said that diminution of the heparin in the blood is probabty the cause 
of bleeding in hemophilia, jaundice and other such pathologic conditions. 
This cannot be proved, however, until a method has been devised for 
quantitative estimation of heparin. Heparin is present in the blood in 
such small quantities that it is difficult to obtain it even qualitativeh'. 
Up to the present time there has been no method submitted for its 
quantitative determination. 

36. Cannon and Gray: .■\in. T. Physiol. 34:232, 1914. 

37. Rabinovich: Brit. J. Exper. Path. 8:343, 1927. 

38. Boldyreti; .-Vm. T. M. Sc. 177:778. 1929. 

39. Turcatti : Compt. rend Soc. dc biol. 100:116, 192 't 

40. Svee: .-Vreh. i. d. jrc,=. Pliysiol. 224:62. 1930. 

41. Partos: .Arch. i. d. pcs. Physiol. 224:448, 1930. 

42. Howell : .Ain. I. Phy-iol. 77:6X9 f.Xuc.l 1926, 
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Howell and Holt showed that heparin does not react with calcium 
salt, but that there is a thermolabile substance in the blood that reacts 
with the heparin to form antithrombin. This thermolabile substance 
can be destro 3 'ed by raising the temperature of the blood to 70 C., 
whereas heparin is not destroyed at 100 C. These authors expressed 
the belief that heparin is present in the blood under normal conditions. 
They contended that it is an activator for pro-antithrombin, preventing 
the formation of thrombin in the normal circulation. By this mechan- 
ism, the fluidity of the blood is maintained in the undisturbed vascular 
system. Heparin also prevents the activation of prothrombin to throm- 
bin, according to Howell and Holt.'*^ Thus, by means of a double 
mechanism, this substance is responsible for the prevention of intra- 
vascular clotting. HowelH- expressed the belief that the presence of 
an abnormal amount of heparin may be responsible for the hemor- 
rhagic tendency of patients with hemophilia and jaundice. 

Howell, in a still later publication, again claimed for heparin all 
the possibilities for which he contended in the previous article. He 
showed that it was increased in the blood by intravenous injection of 
peptone. He also found that in shed blood its action was neutralized 
by the phosphatid material furnished by the corpuscles or tissue cells. 
Howell found that the antithrombin is increased b}^ intravenous adminis- 
tration of heparin. 

Stuber and Lang stated that heparin inhibits coagulation of the 
blood by inhibition of glycolysis. They observed that, following its 
injection, there was a decrease in coagulability of the blood, along with 
a decrease in glycolysis. 

The tissue extracts and their place in the coagulation process have 
been thoroughly investigated by Mills.'*® The first attempts made at 
isolation of their thromboplastic elements were made by Wooldridge,*' 
who found that the thromboplastic action of these extracts is due to 
a phospholipin, which, he determined, was a lecithin. In Howell’s 
laboratory this was found to be cephalin (Mills). Mills*® demon- 
strated that it is present in all organs but to a greater extent in the 
lung. He contended that, in addition to the phospholipoid material, 
the presence of the protein component of the tissue extracts is necessary 
for the manifestation of the maximum potency of the thromboplastic 
agents. The intravenous injection of phospholipin and the protein com- 
ponent of the tissues produces intravascular clotting and death. 

43. Howell and Holt: Am. J. Physiol. 47:328, 1919. 

44. Howell: Am. J. Physiol. 71:553 (Feb.) 1925; Bull. Johns Hopkins Hosp. 
42:199 (April) 1928. 

45. Stuber and Lang: Biochem. Ztschr. 212:16, 1929. 

46. Mills: J. Biol. Chem. 40:425 (Dec.) 1919. 

47. 'Wooldridge, L. C. : On Chemistry of the Blood and Other Scientific Papers, 
London, Kegan Paul, Trench, Triibner & Co., 1893. 
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EXPERIMENTAL WORK 

In selecting animals for this experimental work, it was decided that 
dogs would be most suitable. The biliary system of the dog is quite 
similar to that of man. 

The greatest difficulty confronting one, in producing experimental 
obstructive jaundice in dogs, is the presence of accessory bile ducts. 
Occasionally, one or more hepatic ducts empty directly into the duo- 
denum. Rareljq there is a duct from the gallbladder opening into the 
duodenum. It is necessary to interrupt every channel carin'ing bile 
from the liver in order to produce jaundice that will persist. There 
are so man}' branches joining the various bile ducts that the duct or 
ducts, overlooked at one operation, following which the jaundice sub- 
sides, are found at the time of the second operation to be enormously 
dilated. These enlarged channels apparently are sufficient to allow 
passage of the noxious bile to the duodenum. In the course of two or 
three days the stagnation is relieved and the jaundice disappears. 

Dogs suffering with obstructive jaundice succumb within a rela- 
tively short period of time. Therefore, few of the observations are 
made in the presence of long-standing cholemia. 

Twenty-seven animals were subjected to acute obstructive jaundice. 
The common bile duct and accessory ducts, when present, were divided 
between ligatures. On the third or fourth day each dog suffered with 
jaundice that could be recognized clinically. There was an icteric dis- 
coloration of the conjunctivae and skin. The feces became putty-colored 
or clay-colored and typically acholic, and biliuria was present. The dogs 
were perceptibly ill, and severe toxemia was evident. 

Six of the dogs died before biliar}- obstruction had begun to pro- 
duce a marked effect. One dog died on the operating table, as the 
result of pulmonary collapse. There was a diaphragmatic hernia on 
the right side, with the spleen, omentum and one lobe of the liver in 
the right pleural cavity. As this hernia was reduced, collapse of both 
lungs occurred. A rent was found in the mediastinal pleura, probably 
secondary to collapse of the right lung. Collapse of the left lung fol- 
lowed. Another animal died the day following operation. The cause 
of death was given as asthenia. Probably operative trauma played its 
part here, too, as the duct was located and ligated with considerable 
technical difficulty. Three dogs suffered evisceration and succumbed 
as the result of self-mutilation, followed by hemorrhage One died 
three days after operation, the cause of death undetermined. One dog 
with jaundice died on the eighth day; the cause of death was pneumonia. 

Fifteen of the twenty-one animals that lived to show the effects of 
biliary obstruction died early, the average length of life being 15.7 
days. Of the number (twenty-one) that sur\-ived to develop jaundice. 
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twenty-one (100 per cent) died of diffuse hepatitis, the average length 
of life being 31.6 daj^s. The livers in gross, both on the surface and 
on section, showed areas of destruction, which were bile-stained. Tlie 
peritoneum and all viscera were bile-stained. 

Determinations of the fibrinogen in the blood plasma were made at 
intervals during the disease. The Wii method ■** was used. This 
method may be used with impunity, if one attempts to determine 
fibrinogen for comparative analysis, as was done in approaching this 
problem. The figure given by Wu for the tyrosine equivalent for the 
human being was 16.4. This was calculated on an average of only two 
determinations, 16 and 16.8, as given in the original publication. It may 
be realized that, even with the difference of 0.8 in these figures, there 
exists a considerable variation, and that the percentage of error is not 
to be overlooked. The tyrosine equivalent for dogs (17.1) was derived 
from an average of twenty-four normal determinations. There was 
considerable variation in the different figures that were determined, 
and an average of these was used. The percentage variation in the 
end-results was not greater than the percentage variation of the figures 
for the tyrosine equivalent. Thus the figure, as stated, should hold as 
a fair multiplicand in the calculation of the fibrinogen values for use 
on a comparative basis.'*” 

In determining the tyrosine equivalent for the dog, twenty-four 
determinations were made. The values varied from 12.5 to 19.7, and 
the range of error is rather wide for one to consider using the method 
without resen'ation for exact determinations of the fibrinogen content 
of plasma. It may be added that, in making the last twelve determina- 
tions, great care was exercised, and on the filtrate from each specimen 
two determinations of both nitrogen and tyrosine were made as a 
check; it was found that the greatest variation in these figures was 
negligible when the final equivalent figure was calculated. 

A table of the averages of the percentage increases in fibrinogen 
content of the plasma on successive days, with the number of animals 
on which determinations of this plasma component were made, is 
appended (table 1). The figure given represents the percentage increase 
above the normal for each dog. 

An average was made of the fibrinogen determinations of each 
week. The percentage increase (above the average of the normal 
fibrinogen content for the twenty-seven dogs) for each week was cal- 
culated (table 2). 

It is evident from the analysis of table 2 that there is a constant 
increase in the fibrinogen content of the plasma from week to week in 


48. Wu: J. Biol. Chem. 51:33 (March) 1922. 

49. Bliss, Sidney W. : Personal communication. 



MOSS— OBSTRUCTIVE JAUNDICE 


11 


experimental obstructive jaundice. One must keep in mind, however, 
that relatively few determinations were made during the fourth week, 
for reasons that have been given. 

The LaMotte-Pigford colorimetric method was used for determina- 
tion of the icterus inde.x. 

The average of the determinations of the icterus index on the dogs 
before operation was 1.9 units. There was a gradual increase in the 

T.^ble 1. — Average Percentage Increase of Fibrinogen in Plasma in Experimental 

Obstructive Jaundice 


Day Percentage Increase Number of Animals 

3d 33 3 

4lh 16 S 

5lh 03 13 

6 th 00 4 

7th 11 4 

Sth 27 10 

9th 37 2 

10th 66 3 

nth 50 6 

12th 69 1 

13th 13 3 

17th 12 1 

18th 62 6 

19th 38 1 

20th 57 2 

22d 72 1 

24th 78 1 

25th 58 1 

29th 16 2 

31st 74 2 

32d 12 1 

33d 52 1 


Table 2. — Average Weekly Percentage Increase of Fibrinogen in Plasma in 
Experimental Obstructive Jaundice 


Week Percentage Increase Number of Animals 

1st 44 29 

2d 4 6 29 

3d 53 10 

4th 62 4 


average up to the eighth day. After the eighth day, there began a 
fluctuation that was not regular. The icterus index varied from 3 to 
75 units after the initial increase. During the first, second, third, 
fourth and fifth weeks, the averages of the icterus indexes were 27, 
28, 21, 17 and 35 units, respectively. Whereas the average for the 
first week was rather low, the highest figures of this determination were 
consistently noticed in the last two or three days of that week. The 
average for the fifth da}- was 26 units; for the sixth day, 32 units; for 
the seventh day. 52 units. There was a general decrease in the icterus 
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in the second week, but it was apparently more constant at this time, 
only varying from 20 to 36 units. During the third week, the icterus 
index approximated 20 units ; during the fourth week, the average was 
17 units, and during the fifth week, 35 units. 

The coagulation time was estimated by means of the Brodie-Russell- 
Boggs coagulometer. 

It was found that the average normal coagulation time of the twenty- 
seven dogs was 1 minute and 32 seconds. The coagulation time was 



Fig. 1. — ^This and the graphs in figures 2, 3, 4 and S show the variations in 
fibrinogen content of the blood plasma, coagulation time and icterus index in 
experimental obstructive jaundice. The solid line represents the fibrinogen content 
of the plasma in milligrams ; the dotted line, the coagulation time in minutes and 
seconds, and the broken line, the icterus index in units. In this graph are repre- 
sented the daily averages of these determinations on all of the animals. 

found to be consistently increased throughout the experiment, but not 
in a regular manner. However, the averages for the first, second, 
third, fourth and fifth weeks were 2 minutes and 35 seconds, 2 minutes 
and 10 seconds, 1 minute and 54 seconds and 2 minutes and 25 seconds, 
respectively. 






Fig-. 2. — Weekly averages of the determinations of fibrinogen, coagulation time 
and icterus index of all the animals. 



Fig. 3. — Record of variations in the determinations for t\-pical animal 1. 





Fig. 4. — Record of variations in the determinations for typical animal 2. 



Pig, 5. — Record of variations in the determinations for the animal that survived 
the operation for the longest period. 




Fig. 6. — Damaged liver in e.xperimental obstructive jaundice (under high power 
magnification), showing (a) hyalin-like material, (6) beginning cirrhosis and 
(<r) hepatic necrosis at the periphery. The hepatic parenchyma in this slide was 
seen to be decidedly damaged. 



Fig. 7. — Damaged liver (low power) showing (a) fibrous connective tissue, 
(b) areas of hepatic cells undergoing degeneration and (c) cells of parenchyma 
unchanged. These areas, representing the third stage, are much larger than those 
in either of the two previous stages. The fibrous connective tissue has replaced the 
hy.aline material, c.xccpt for a few small areas. 
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PATHOLOGY 

As has been stated, the primar}- cause of death of most of the ani- 
mals could be attributed onlj' to hepatic degeneration. The li\'ers pre- 
sented areas of destruction, M’hich ivere apparent on the surface and 
on gross section, and which were bile-stained. These areas varied in 
diameter from 1 mm. to 3 or 4 cm. 

The microscopic sections of the livers of the animals that had suf- 
fered from the mildest degree of jaundice showed a definitely dis- 
arranged hepatic parenchyma in the lobules, but a very small degree of 
destruction of the cells per se. 



Fig. 8. — Damaged liver (high power) showing (n) fibroblasts and (b) hyaline 
material. There is seen complete replacement of hepatic parenchj-ma, and only a 
few areas of hyaline material remain. 


A further lesion, which ma}"^ be divided into three stages, was 
observed. These consisted of: 1. Small areas of necrosis, which were 
infiltrated bj"^ leukocjdes, the Ij'mphocj'te being the predominating cell; 
polymorphonuclear leukocytes were only^ occasionally’ obsen’ed. These 
areas studded the parenchynna throughout, and because of the types of 
cells found were classified as subacute inflammatory' processes. 2. 
Larger areas than these, including the same cellular elements but, 
in addition, a hyalin-like material, which predominated (fig. 6). 
3. Areas, even larger than those classified under 2, in which cirrhosis 
was observed, a proliferation of fibrous connective tissue (figs. 7 and 8). 



Fig. 9. — Damaged liver (low power) showing (o) central vein of lobule, (&) 
hepatic necrosis, (c) areas of fatty degeneration and (d) normal hepatic cells at 
periphery of lobule. In this photomicrograph are represented areas of central 
necrosis in the lobule. The cells at the periphery are unaffected. This shows the 
changes that took place in the livers of most of the animals. 



Fig. 10. — Areas of fatty degeneration (a) under high power magnification. 
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Central necrosis of the lobules was present in the greatest number 
of the animals. This lesion consisted of fatty degeneration (figs. 9 
and 10) . It was more pronounced in the central part of the lobule for 
two reasons: first, because the cells in the center of the lobule were 
the more constantly bathed by the bile, and second, because their blood 
supply was directly affected owing to injury to the hepatic vessels. The 
cells at the peripher}' were unchanged owing to the unimpaired blood 
supply, the result of an intact portal system and because the bile could 
be transported more readily from this area for the same reason. 


coxniKNT 

It is evident from the results obtained that no parallelism exists 
between the fibrinogen content of the blood and the degree of icterus. 
However, the fibrinogen content of the plasma was high in the first 
week following obstruction of the extrahepatic bile ducts. The icterus 
index and coagulation time were also increased during the first week. 
The fibrinogen content continued to increase during the second and 
third weeks, wiiereas the icterus inde.x and coagulation time either 
decreased or remained stationary. The results obtained during the 
fourth and fifth weeks are not dependable, because of the fact that 
comparatively few determinations were made during this stage of the 
condition. 

The increase in the fibrinogen content and the coagulation time 
during the first week might be considered as the result of the operation, 
but it is evident that the greatest percentage increase above normal 
occurred on the fifth day. It seems I'easonable that after the first day 
or so the effect of the operation can be dismissed as a factor in causing 
this increase. Hueck observed that the fibrinogen content of the 
plasma was increased after operation. 

The results of this e.xperiment have shown that bile is an irritant 
to the liver and in obstructive jaundice is a stimulus to the formation 
of more fibrinogen by the liver as is acute inflammation, thus corroborat- 
ing the results of 'Wiener and Wiener. It is agreed that this is 
probably also due to the increase in the permeability of the hepatic 
endothelium. 

It is found that the fibrinogen content of the blood increased con- 
siderably just before death, which might be attributed to concentration 
of the plasma by dehydration. 

The fluctuation of the coagulation time is found to coincide with 
that of the degree of icterus. This was observed in a great majority 
of the individual animals (figs. I and 2). The increase in the 
icterus indexes is self-explanatory. Following the obstruction in the 

SO. Hue^: Arch. f. klin. Chir. 136:627 (Aug.) 1925. 
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biliary system the normal exit for the bile ^vas blocked. One is justified 
in assuming that the reason the icterus decreased after the first week 
was that a diminution in the amount of bile produced by the liver had 
occurred, owing to destruction of liver cells. 

SUMMARY AND CONCLUSIONS 

An attempt has been made to determine whether or not some rela- 
tionship exists between the fibrinogen content of the plasma, the degree 
of icterus and the coagulation time of the blood in obstructive jaundice. 
If some definite relationship exists among these factors, it is reason- 
able to suppose that it would be enlightening as to the cause of hemor- 
rhage in the presence of jaundice. 

It must be stated that as yet there is no adequate proof that any 
one factor is responsible for this hemorrhage. 

Deficiency of calcium in the serum should not be considered as a 
causative factor in the production of hemorrhage in obstructive jaundice. 
The results of investigations reported in the literature indicate that a 
deficiency of calcium is not constant in jaundice, nor is it directly impli- 
cated in prolonging the coagulation time. 

The contention favoring heparin as a cause for this bleeding is not 
substantiated bj^ clinical or experimental proof. Little is known of the 
presence of heparin in the blood, and one can only theorize as to 
what factors influence the fluctuation of the quantity of heparin present 
in the circulating blood. The present investigation demonstrates that 
bile causes destruction of hepatic parenchyma, and the possibilit}- that 
heparin is increased in the blood in obstructive jaundice is admitted. 

It is concluded from this experimental work that the fibrinogen 
content of the plasma is not decreased in experimental obstructive 
jaundice. Therefore, hemorrhage in the presence of jaundice is not 
due to a deficienc}- of this component of the plasma. 

The fibrinogen content of the plasma is increased in acute obstruc- 
tive jaundice, probably owing to the irritative effect of the bile on tbe 
liver. 

The coagulation time remained above normal limits in practically all 
of the determinations, but it did not parallel the fibrinogen content of 
the plasma. Corroborating the opinion of Ravdin, Riegel and ^lorri- 
son and Bancroft, Kugelmass and Stanley-Brown."'' it is concluded 
that the coagulation time is not a satisfactory index of a hemorrhagic 
tendency in the presence of jaundice. 

Tlie contention of Peters and Van Slyke ^ that a decrease in fibrinogen 
content of the plasma does not parallel the degree of destruction of the 
liver is corroborated. It was found that generally an increase in fibrinogen 
content parallels the extent of damage to the liver. 
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jMesenteric vascular occlusion still remains one of the most difficult 
surgical problems. The difficulty in arriving at an early diagnosis 
undoubtedl}' accounts for the high mortalitj', quoted by various writers 
as being about 70 per cent. The dela}' in diagnosis is often unavoidable 
owing to a lack of definite symptoms, even though the damage to the 
intestinal tract is severe. The same difficult)' is experienced in the early 
clinical diagnosis of simple intestinal obstruction. The effects on the 
physiolog)' of the bowel of earlj' mesenteric thrombosis or embolism may 
be compared in some respects with those of simple intestinal obstruction, 
as well as those of the strangulation type. These conditions result in 
stasis of the intestinal contents, decrease in the absorption of gas and fluid 
by the intestinal wall, excretion of fluid into the lumen of the bowel 
proximal to the affected segment and intestinal hemorrhage and infarc- 
tion of the involved segment. Although it is an established fact that 
the roentgen findings of gas and fluid levels in the small intestine have 
greatly enhanced the diagnosis of simple intestinal obstruction,^ atten- 
tion has not been directed to the fact that a similar roentgen picture is 
produced in mesenteric vascular occlusion. 

The object of this paper is to report roentgen studies of e.xperimental 
occlusion of the mesenteric vessels. The lesions produced in the experi- 
mental animals were made to resemble as closely as possible those found 
in patients. 

PATHOLOGY 

In the thirt3'-six cases reported by Larson.- 39 per cent of the 
vascular occlusions were found to be arterial at autopsy, 44 per cent 
venous and 17 per cent a combination of the two. 

From the Departments of Surgery and Roentgenology, Presbyterian Hospital, 
College of Physicians and Surgeons, Columbia University. 

1. Swenson, P. C., and Hibbard, J. S.: Roentgenographic Manifestations of 
Intestinal Obstruction, Arch. Surg. 25:578 (Sept.) 1932. 

2. Larson, L. M.: Mesenteric Vascular Occlusion, Surg., Gynec. & Obst. 53: 

54 (July) 1931. 
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Klein “ said that the two types of occlusion are about equally divided. 
He expressed the belief that arterial occlusion ma}^ be caused by either 
thrombosis or embolism. The etiology of the arterial emboli, which, he 
stated, include about 2 per cent of cases, must arise in the left side of the 
heart either from vegetations on the valves or from thrombi in the 
auricles, as was found in five cases in Larson’s series. The arterial 
thromboses are generall}' associated with arteriosclerosis, although at 
times they may be due to pressure of an aortic aneurysm on the artery 
or to extension of a clot from an aneurj^sm into the mouth of the 
arter}-. 

Klein further stated that occlusion of the vein is practically always 
caused b}' thrombosis, although some cases are reported in which the 
etiology is unknown, and others in which only a remote focus of infection 
exists as a possible cause. The most common cause of venous occlusion 
is a thrombophlebitis resulting from either acute appendicitis or a pelvic 
inflammatory condition. 

The first eft'ect on the involved segment of intestine of a sudden 
closure of the superior mesenteric artery, according to most observers, 
is violent tetanic contractions associated with marked anemia. This 
condition lasts from two to three hours and is followed by a relaxation 
and congestion and finally by hemorrhagic infarction. The observations 
to be reported do not exactly agree with this view. The sequence of 
events in our experiments was different. 

The preliminary contractions were noticed, but numerous subserous 
hemorrhages varying from 0.25 to 1.5 cm. in diameter resulted within 
fifteen minutes, and a generalized mild congestion, dilatation and an 
absence of peristalsis occurred within thirty minutes. This condition 
was not changed to a great extent at the time the animals were killed, 
four and six hours later. These phenomena apparently account for the 
earh' presence of gas and fluid levels seen in the involved segments on 
the roentgen film. 

Klein stated that all experimenters agree that ligation of the superior 
mesenteric vein leads constantly to hemorrhagic infarction. He pointed 
out that in patients the result may be different because it is known that 
thrombophlebitis generally causes a gradual occlusion. Nevertheless, 
numerous cases arc reported b%- Larson and others in which an infarcted, 
congested and soggy segment with dilatation of the proximal intestine 
was found at operation. These cases would indicate that, although more 
time is consumed in the process of occlusion, the ultimate outcome is 
similar to the experimental venous ligations. In the animals of this 
scries, in which the veins to a segment of intestine were ligated, a marked 

.t. Klein. S. : Embolism and Thrombosis of ^fescnteric .^rterv. Surer., Gvncc. 
& Obst. 33:385 (Oct.) 192). 
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engorgement and a mild contraction immediately occurred, but no 
relaxation or dilatation followed during the time the abdomen was 
open. Further, no gas shadows or fluid levels were observed in the 
involved segment on the roentgen film up to the time the animals were 
killed, six hours later. 

Ligation of both the arteries and the veins of a segment of gut pro- 
duced the same objective signs that were noted following arterial occlu- 
sion. except for the fact that a more marked and rapid congestion and 
discoloration occurred. 

Ex])erimental studies and clinical observations indicate that mesen- 
teric arterial or venous occlusion, severe enough to cause infarction in a 
segment of intestine, will later cause dilatation of the proximal intestine 
and result in abdominal distention. These dilated loops of bowel with 
their fluid levels distributed diffusely over the abdomen will show on the 
roentgen film. 

EXPERISIEXT.VL DATA 

Three groups of dogs were studied in this series of experiments 
(table). All of the animals were operated on under ether narcosis and 
with strictly sterile technic. As soon as gas shadows and fluid levels 
could be demonstrated on the roentgen films, the abdomen was again 
opened under ether anesthesia, and the condition of the intestine was 
observed. 

In group A, dog I, the superior mesenteric artery was ligated just 
distal to the origin of the inferior pancreaticoduodenal artery. In 
dog 2. the trunk of the superior mesenteric arter\’ was approached 
through a retroperitoneal route and ligated about 5 cm. distal to its 
junction with the aorta. Roentgen films of these two animals disclosed 
gas shadows, and fluid levels were found on the roentgen film early and 
simultaneously, i. e., at one and one-half and four hours, respectively. 
At postmortem examination there were numerous areas of discoloration 
and a mild dilatation. 

Four procedures were done in group B. In dog 1, the portal vein was 
ligated 6 cm. from its entrance into the liver. In dog 2, the tributaries 
of the superior mesenteric A’ein from the jejunum, ileum and cecum were 
ligated. In dog 3, one half of the jejunum and all of the ileum, and 
in dog 4, about 12 cm. of the lower ileum were included in the occlusion. 

In dogs 1, 2 and 3 of this group no roentgen findings were elicited. 
When the abdomens were opened six and eight hours later, the entire 
small intestine and its mesentery were found to be mildly edematous and 
bluish purple, and the lumen of the intestine was filled with blood. The 
intestine was not dilated. The negative roentgen findings were probably 
caused by the fact that the extensive hemorrhage into the lumen of the 
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bowel displaced the gas. Dog 4 showed no eftects from the ligation, 
since the collateral circulation through the longitudinal branches of the 
anastomosis apparently was adequate. The animal recovered. 

Since the negative results in the first two dogs of the foregoing group 
were probably due to the filling of the intestinal lumen by blood, two more 
animals were studied in group B. Our object was to produce a definite 


Results of Ext’criuients 


Experi- 


Presence 


Condition 

mental 

Presence 

of Fluid 

Vessels 

of Involved 

Animal 

of Gas 

Levels 

Occluded 

Segment 

Group A 

1 

4 hours 

4 hours 

Superior mesenteric 
artery to ileum and 
jejunum 

Slightly dilated; many 
subserous hemorrhages : 
gross color: slightly 
darkened 

2 

114 hours 

114 hOU»'S 

Superior mesenteric 
artery to ileum and 
jejunum 

Moderately dilated; 
many subserous hemor- 
rhages; gross color: 
slightly darkened 

Group B 

1 

3*^ hours 
disappeared 
at 5H hours 

None 

Portal vein 

Engorged and soggy; 
bluish red 

2 

1 hour 
disappeared 
at 0 hours 

None 

Superior mesenteric 
vein involving jeju- 
num, ileum and prox- 
imal colon 

Engorged and soggy; 
bluish red 

3 

Xone 

>*one 

Superior mesenteric 
vein involving half of 
jejunum and ileum 

Engorged and soggy; 
contracted; appendix 
contained gas and 
fluid; bluish black 

4 

>’one 

None 

Superior mesenteric 
vein involving half 
of ileum 

Animal recovered 

5 

3 hours 

5 hours 

Superior mesenteric 
vein involving ID cm. 
of ileum 

Severe hemorrhage; 
engorged, edematous 
and contracted in areas 

C 

3 hours 

5 hours 

Superior me.*enteric 
vein Involving 10 cm. 
of ileum 

Severe hemorrhage; 
engorged, edematous 
and contracted in areas; 
proximal bowel dilated 
and contained gas and 
fluid 

Group C 

1 

2 hours 

C hours 

Superior mesenteric 
artery and vein to 

40 cm. of ileum 

4 cm. of ileum engorged 
and soggy; bluish 
black; proximal gut 
slightly dilated 

2 

2 hours 

5 hour* 

Superior mesenteric 
artery and vein to 

12 cm, of ileum 

4 cm. of ileum engorged 
and soggy; bluish 
black; proximal gut 
slightly dilated 

3 

2 hours 

4 hour* 

Superior m<‘*enteric 
artery and vein to 

12 cm. of ileum 

4 cm. of ileum engorged 
and soggy: bluish 
black; proximal gut 
slightly dilated; at 20 
hours perforation had 
occurrc-^l; all oth'r ca*^s 
antop=i<'« at 0 hours 
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venous occlusion in a relativel}' short segment of bowel in the lower 
ileum. This was accomplished by ligating the mesenteric veins from 
10 or 12 cm. of lower ileum and by placing a suture through the mesen- 
teric border of the intestine down through the submucosa, thus obliter- 
ating the longitudinal anastomosing branches. This procedure was quite 
successful in producing a venous occlusion in a small segment of gut. 
At postmortem examination, the involved segment and its mesentery 



Fig. 1. — Film of the abdomen of a dog in the erect position, in which the 
superior mesenteric artery has been blocked as described in the text. Note the 
gas shadows and fluid levels, which appeared simultaneously at four hours. 

were found to be markedly edematous, hemorrbagic and slightly con- 
tracted, and the lumen of the segment and the distal bowel were filled 
with blood. The proximal intestine was moderately dilated, and gas 
shadows and fluid levels were found on the roentgen film in three hours 
and five hours, respectively (fig. 2). 

In group C, both the veins and the arteries were occluded in three 
animals. In dog 1, the mesenteric arteries and veins were ligated to a 
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Fig. 2. — Films of the abdomen of a dog in which the tributaries of the superior 
mesenteric vein, including 12 cm. of the ileum, have been occluded. Note the gas 
shadows and fluid levels at two and five hours. 



Fig. 0 . — Films of the abdomen of a dog in which the superior mesenteric arterial 
branches and venous tributaries have been occluded through 12 cm. of the ileum. 
Note the gas shadows at two hours and the fluid levels at four and a half hours. 
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segment of lower ileum about 40 cm. in length, and in dogs 2 and 3. 
the occlusions involved about 12 cm. of the lower ileum. The roentgen 
films disclosed gas shadows in two hours and fluid levels in from four 
to six hours in all animals (fig. 3). 

COMMENT 

This experimental study indicates that it is possible ver}- early to 
elicit roentgen signs of intestinal obstruction following mesenteric 
vascular occlusion. 

These signs are indistinguishable from those found in mechanical 
obstruction. Thus, the differential diagnosis from simple mechanical 
obstruction cannot be made, of course, on the roentgen findings alone, 
but involves a careful consideration of the accompanying clinical evi- 
dence. particularly as to the existence of possible causes of either condi- 
tion. On the other hand, the important fact remains that the roentgen 
evidence of intestinal obstruction appears before abdominal distention 
can be detected and before damage to the involved segment has become 
too severe. Except in the cases of extensive venous block in which 
the damage perhaps is too great in any event for surgical relief, the 
roentgen examination may be a definite aid in reaching a decision to 
operate. 

SUMMARY 

Roentgen examination after experimental occlusion of the mesenteric 
arteries and veins disclosed gas and fluid levels in dilated loops of small 
intestine in from two to si.x hours, which are indistinguishable from 
those following mechanical intestinal obstruction. However, this evi- 
dence should be of aid in early diagnosis and in making an early 
decision to intervene surgically. 
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The assurance of the circulation of pedunculated skin flaps ^ is of 
vast importance in plastic surger}-. Often it is possible to form a single 
pedicled flap and to shift it into its new bed immediately. When this 
is done one must remember that rouglily the length of the flap should 
not be more than two and a half times the width of the pedicle, unless 
the flap contains an artery, such as the anterior temporal, in which 
case it may be as long as the artery- will nourish and the pedicle ma)" 
be verj- narrow, consisting in fact, if necessary, of onh- the arter}' 
and accompanying r-eins. Frequentl}' much longer flaps are needed 
than those that can be conveniently made two and a half times the 
length of the pedicle, and these must often be obtained from an area 
in which no definite artery is available. 

Flaps that are much more than two and a half times as long as the 
width of the pedicle may be developed by the delayed transfer method. 
By delayed transfer we mean that in order to assure its circulation a 
period of time is allowed to elapse between the raising of the flap and 
its transference to its its new bed. The best trpe of flap for the 
delayed transfer is the doubled pedicled flap, and a very satisfactory 
double pedicled type is that known as the tubed flap, which was 
developed during the world war by Gillies of London. 

The main advantage of the tubed flap, besides its flexibility, is that 
it is a doubled pedicled flap the circulation of which is assured bv the 
delay in transfer. 

From tlie Hunterian Laboratory of Experimental Surgery. Johns Hopkins 
University, and Department of Surgery-, Yale L'niversity School of Medicine. 

1. A skin flap is made up of the whole thickness of the skin with as much 
of the subcutaneous tissue as is required. It is usually attached at some portion 
of its periphery by a pedicle, or pedicles, through which it receives its primarj- 
blood supply. A skin graft, on the other hand, is a free transplant whose blood 
supply is entirely derived from the tissue on which it is transplanted. 
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The question often arises as to the safest time to sever the pedicles 
of dela 3 ’ed transfer flaps. In other words, when will the circulation 
of such flaps be sufficiently developed to allow the division of the first 
pedicle, so that the circulation from the other will be adequate to nour- 
ish the flap without loss of tissue. 

It is advised by different authors that from several weeks to as 
many months should be allowed to elapse before dividing one pedicle 
and making the transfer, but we have felt that in the majority of 
instances this long delay, while never disadvantageous as far as circu- 
lation is concerned, is actually unnecessary. We have allowed some of 
these flaps to stay as formed for as long as a year and half before 
dividing one pedicle and then transferring to its new bed. For the 
purpose of finding out how soon the circulation of a tubed flap adjusted 
itself and consequently how soon it was safe to divide the pedicle and 
transfer the flap, we undertook the following series of experiments 
in the hope that sufficient information might be obtained to be clinically 
useful. 

EXPERIMENTAL STUDY 

The development of an adequate blood supply in tubed skin flaps is 
of paramount importance in the utilization of this type of flap. Before 
the flap can be implanted in a new location, its blood supply from a 
single pedicle must be sufficient to nourish th.e entire flap. This necessi- 
tates not only an increase in the size or number of the blood vessels, 
but also a rearrangement of the vessels, corresponding to the long axis 
of the flap. The present study was undertaken in an attempt to follow, 
in chronological order, these changes occurring in the vascular bed. 

Investigators, in the past, have concerned themseh-es chiefly with 
the development of the blood supph' of free skin grafts. The develop- 
ment of the blood suppl)' of whole thickness skin grafts has been 
worked out and the literature reviewed bj' Davis and Traut.” The 
effect of variations of orientation of skin grafts, in relation to the axis 
of their original blood supplj" has been studied bj' Paterno.^ Square 
full thickness grafts were cut and replaced in their original bed. The 
control grafts were replaced without changing the orientation of their 
margins and showed 100 per cent survival with reestablishment of cir- 
culation after the second day. Grafts rotated ISO degrees with respect 
to their original orientation survived completely in 80 per cent and 
partial!}’ in 20 per cent of the cases, with reestablishment of circulation 

2. Davis, J. S., and Traut, H. F. : Origin and Development of Blood Supply 
of Whole Thickness Skin Grafts, Ann. Surg. 82:871, 1925. 

3. Paterno A.: Influenza della variazione di orientamento del lembo sullo 
attecchimento e sul ripristino dell circulo sanguine nei trapianti libri autoplastici di 
cute interna, Ann. ital. di chir. 4;923, 1925. 
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retarded until after the fourth day. Grafts rotated 90 degrees from their 
original position survived completely in 66 per cent of the cases, par- 
tially in 20 per cent and failed to survive in 14 per cent. Their circula- 
tion was retarded until after the fourth day. These results suggest that 
the establishment of circulation in skin grafts is partially dependent on 
the orientation of the vessels of the graft in relation to those of the 
surrounding structures. 

METHODS 

In the attempt to study the establishment of a new circulation in tubed flaps, 
three methods were followed. Tlie first was the determination of the size, number 
and arrangement of the blood vessels in cleared specimens, removed at intervals of 
from one to fourteen daj’S following the construction of the tubed flaps. The 
second method was similar to the first except that an opaque material was injected 
into the flaps and the studies carried out on roentgenograms of the flaps. The 
third was a histologic studj’ of the flaps of various ages. 

Dogs were used throughout the experiments. The skin of the abdomen was 
shaved and prepared with iodine and alcohol. With the dogs under ether anes- 
thesia, two double pedicled tubed flaps were outlined, one on either side of the 
abdominal wall with the long axis of the flap parallel to the long axis of the 
abdomen. The flaps were 8 to 10 cm. in length and 3 to 3.5 cm. in width, with 
their bases slightly flared, and were undercut in a manner to include a thin laj-er 
of subcutaneous tissue. The edges of the flaps were approximated with inter- 
rupted silk sutures, transforming the flaps into tubes with the epithelial surface out- 
side, attached to the abdominal wall at each end in the form of a “valise handle.” 
The skin defect beneath the tubed flap was closed by appro.ximating the opposing 
skin edges with interrupted silk sutures. Sterile dressings were applied and kept 
in place for seven days. Usually, healing took place by first intention. 

In the first series of e.xperiments, the tubed flaps were separated from the 
abdominal wall at one end and the animal was given an intravenous injection of 
from 5 to 10 cc. of 1 per cent solution of toluidine blue, this quantity being suffi- 
cient to impart a definite blue color to the skin and mucous membranes. When the 
blue dye was seen coming from the cut end of the flap, the remaining attachment 
of the flap to the abdominal wall was cut and the specimen was fixed and cleared, 
the method * of Spalteholz ^ being used. The cleared flaps were then opened along 
the suture line, spread out flat and mounted in methyl salicjdate. 

In the second series, the animals were killed, the tubed flaps were separated 
from the abdominal wall at one end and the injection was made though the aorta. 
A suspension of barium in gelatin was used as the injection medium.i^ The injec- 
tion was continued until the barium mixture appeared at the cut end of the flaps. 
The other pedicle of the flap was then divided, and roentgenograms were talrcn 
without opening the flaps. 

4. Fix in formaldehyde ; bleach with hydrogen dioxide : wash in water twentv- 
four hours ; dehydrate by passing through alcohols from 50 per cent to absolute ; 
place in benzene (two changes) ; mount in methyl salicylate, U. S. P., 5 parts 
and benzyl benzoate 3 parts. 

5. Spalteholz, W. : Ueber das Durchsichtigmachen von menschlichen und tier- 
schen Praparaten, cd. 2, Leipzig, S. Hirzel. 1914. 

6. Barium sulphate 1,000 Gm., powdered gelatin 300 Gm., distilled water 
1,700 cc. 
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In both the first and second series of experiments, the entrance of the injection 
material into the flap was througli a single pedicle, the upper pedicle being divided 
on one side and the lower pedicle on the other. This method was selected because 
the clinical utilization of pedunculated flaps necessitates the development of an 
adequate blood supply from a single pedicle before the flap can be implanted in a 
new location. The vessels demonstrated by the injection methods therefore repre- 
sent the circulation which may be supplied by a single pedicle. 

The third series of experiments made use of the flaps of the first series into 
which tohiidine blue was injected. Sections were taken through the central portion 
of the flaps and stained with hematox 3 'lin and cosin. 



Fig. 1. — Tj’pical opened, cleared specimen into which toluidine blue was injected 
and the flap removed immediately after its construction. Note the blood filled 
vessels crossing the flap at right angles to its long a.xis. Only the vessels immedi- 
ately adjacent to the pedicle showed evidence of containing toluidine blue. Note 
that there were no vessels running parallel to the long axis of the flap. 


RESULTS 

With these three methods of stud}', the results may be summarized 
as follows: 

Tubed flaps, removed immediately after their preparation showed 
blood-filled vessels crossing the flaps at right angles to their long axis. 
Only the vessels immediately adjacent to the pedicle showed evidence 
of toluidine blue within their lumen. There were no vessels running 
parallel to the long axis of the flaps. 
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Flaps removed at the end of one day showed a few vessels, filled 
with the injection mediums running almost the entire length of the flap. 
These vessels were more numerous at the region of the base of the 
flap, but there was a definite tendency for the long axis of the vessels 
to be parallel to the long axis of the flap. 

At the end of four days, vessels containing the injection medium 
and running parallel to the long axis of the flap, were more marked. 

Specimens removed on the seventh day showed what appeared to 
be a well developed blood supply, with vessels running from one end 
of the flap to the other. 



Fig. 2. — Photomicrograph of a section taken through the center of a flap 
removed immediatelj- after its construction. There are a moderate number of small 
and medium-sized blood vessels. There is marked hemorrhage in the center of 
the tubed flap with slight extravasation of blood into the subcutaneous tissue. 

From the seventh to the fourteenth day there appeared to be little 
change in the number, character or size of the vessels. 

The microscopic study of sections taken through the central por- 
tion of flaps of diiterent ages may be summarized as follows: 

On the day of operation there were a moderate number of small 
and medium-sized blood vessels and marked hemorrhage in the center 
of the tubed flap with slight extravasation of blood into the sub- 
cutaneous tissue. 
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On the first clay a moderate number of small and medium-sized 
blood vessels were seen with diffuse extravasation of blood throughout 
the subcutaneous tissue and slight polymorphonuclear leukocytic infil- 
tration. 

On the fourth day there were small and medium-sized blood ves- 
sels, apparently more in number than on the first day, marked poly- 
morphonuclear leukocytic infiltration in the cutis vera. 

On the seventh day there were many small, medium and large blood 
vessels in the subcutaneous tissue and in the deeper portion of the cutis 



Fig. 3. — A, tj'pical opened, cleared specimen into which toluidine blue was 
injected and the flap removed after twentj-four hours. B, roentgenogram of a 
flap into which an opaque mixture was injected and the flap removed after twenW- 
four hours. A few' vessels filled with injection material can be seen running almost 
the entire length of the flap. These vessels are more numerous at the region of 
the base, but there is alreadt- a definite tendency for the long axis of the vessels 
to be parallel to the long axis of the flap. 

vera, and early granulation tissue in the cutis vera, containing many 
capillaries. 

On the eleventh day many small, medium and large blood vessels 
were seen in the subcutaneous tissue and in the cutis vera; there was 
tvell developed granulation tissue in the cutis vera. 
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SUMMARY OF EXPERIMENTS 

Injection experiments of tubed double pedicled skin flaps indicate 
the establishment of an adequate blood supply from a single pedicle 
within seven days. Histologic studies of these specimens support this 
conclusion. 

The development of an adequate blood supply appears to be depen- 
dent on three factors: (1) an increase in the size of the vessels; (2) 
an increase in the number of functioning vessels, and (3) a reorienta- 
tion of the main vascular channels corresponding to the long axis of 
the flap. 



Fig. 4. — Tj’pcs of roentgenograms of flaps into which an opaque mixture was 
injected and the flaps removed at the end of four daj-s. The vessels containing the 
injection medium and running parallel to the long axis of the flap are more marked 
than in the one day specimens as shown in figure 3. 

CLINICAL APPLIC.ATION 

In order to understand the clinical problem with which we are deal- 
ing, it may be advantageous to review the anatomy of the blood supply 
of the human skin. 

The anatomy of the cutaneous blood vessels in man has been care- 
fully described and illustrated by Spalteholz." There is a marked 

7. Spalteholz. tv. : Die Vertcilung der Blutgefasse in der Haut. .Arch. f. 
-Anat. u. Entwcklngsgesch.. 1893. pp. 1-54. 
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variation in the number and size of the vessels to the skin in different 
regions of the body. The number is greater to those portions of the 
skin wliich are subjected to external pressure, sucli as the palms of the 
hands, soles of the feet and the gluteal region. 

All branches of the arteries supplying the skin anastomose freely 
with each other and with neighboring vessels and form a cutaneous 
arterial network situated in the deepest layer of the cutis. The mesh 
of this network is smaller in the more vascular regions. From this, 
arched and branching vessels proceed outward, and anastomosing, form 



Fig. S. — A, cleared specimen into which toluidine blue was injected and the. 
flap removed at the end of seven days. Compare this with the vessels shown in 
figures 1 and 3 A and note the vessels running the full length of the flap, B and 
C, roentgenograms of flaps into which an opaque mixture was injected and removal 
done at the end of seven days. These specimens show a well developed blood 
supply with numerous vessels running from one end of the flap to the other. Com- 
pare these with figures 3 and 4 and note the marked change in the size and number 
of the vessels and in the reorientation which has occurred. 

a second subpapillar}' arterial network near the junction of the middle 
and outer thirds of the cutis. 

Numerous small branches arise from the subpapillary network and 
run as terminal arterioles to the superficial layers of the skin. Most 
of these turn and course for a short distance parallel to the surface of 
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the skin, following, in the palm of the hand and the sole of the foot, 
the direction of the papillary ridges beneath which they run. They 
send their twigs to the arterial limbs of the capillary loops, lying in 
the papillae. 

The venous blood, returning from the capillary loops in the papillae, 
passes through several networks. The first lies immediately beneath 
the bases of the papillae and receives blood from the venous limbs of 
the capillary loops and from minute collecting venules formed by the 
union of several such capillaries. Almost immediately beneath this is 
a second venous network, the two intercommunicating freelj- by short 



Fig. 6. — Photomicrograph of a section taken through the center of a flap 
removed at the end of seven days. There are many small, medium and large blood 
vessels in the subcutaneous tissue and in the deeper portion of the cutis vera. 
There is also early granulation tissue in the cutis vera containing many capillaries. 
A comparison of this section with that in figure 2 is interesting as it shows the 
marked increase of blood vessels both in size and number which have developed in 
seven daj’s. 

venules ; these two networks are often termed the subpapillary venous 
plexus. The blood flows deeper by numerous tributaries to a third 
and fourth venous network, the former lying immediately deep to tlie 
subpapillary arterial plexus, the latter at the level of the cutaneous 
plexus of arteries, where cutis and subcutis join. 

The general arrangement of the vessels is illustrated in the diagram 
(fig. 9), modified from that originally published by Spalteholz. 
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Thomas Lewis,® in his monograph on the blood vessels of the 
human skin, utilized a somewhat less involved terminolog}" in distin- 
guishing the various vessels, classif3’ing them as strong arterioles, 
minute vessels and deep veins. 

The classification used by Lewis is much simpler than that pre- 
pared by Spalteholz. If detail is desired in descriptions the classifica- 
tion of Spalteholz is to be preferred, but for ordinary use that of Lewis 
is sufficient. 

The results of the experimental work have been so significant, that 
although we have not had the opportunity of making injections into 



Fig. 7. — Photomicrograph of a section taken tlirough the center of a flap 
removed at the end of eleven days. There are many small, medium and large 
blood vessels in the subcutaneous tissue and in the cutis vera. There is also well 
developed granulation tissue in the cutis vera. There is not much difference in the 
development of the blood vessels shown in this section and that shown in the 
seven day specimen in figure 6. 

flaps on human beings, we feel justified in surmising from clinical 
observations along the same line that much the same process takes 
place as in the animal experiments, and that in a tubed flap the normal 
vessels of the human skin also increase in size and number and that the 

8. Lewis, T. : The Blood Vessels of the Human Skin and Their Responses, 
London, Shaw & Sons, 1927. 
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main vai-ciilar chaniu-ls aia' rtnrirntfcl to correspond to tlie long axis 
of tile tlap. 

'I'lie information obtained from the animal experiments seemed 
worthy of a careful clinical tryont. 'I'liis was checked at first on 
]iatients as follows. 'I'jihed l 1 a])s which had been prepared for trans- 
plantatifin to definite defects were used. W'e started with the division 
of the ]icdic!e on the fonrteenth day and grarlnally reduced the time 
until now in suitable cases we sometimes divide the pedicle on the tenth 
day. However, we usually jircfer tf) divide the selected pedicle 
piecemeal, that is. a third or half way through on the tenth and the 



Fig. 8. — Typical roentgenogram of a flap into which an opaque mixture was 
injected and the flap removed at the end of fourteen daj-s. There is little change 
to be noted in the vessels on comparison of the fourteen and the seven daj' speci- 
mens, either in number, character or size. 

remainder on the eleventh or twelfth da3’s, depending on whether the 
separation is done in halves or thirds, and have adopted this as a 
routine procedure in dealing with ordinary tubed flaps. Frequently 
there is definite arterial bleeding from the end of the tube when the 
pedicle is divided. This usually comes from near the central portion 
of the flap, but sometimes is well to one side or the other. 

From the experimental data we might be justified in starting this 
division as early as the seventh or eighth day, but as 3'et we have not 
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chanced the loss of a portion of the flap by trying this out clinically 
and think it safer not to begin the division of the first pedicle until 
the tenth day (fig. 10). 

If there is doubt in the mind of the operator as to the vitality of 
the tube in any particular case, it is, of course^, advisable to delay the 
division for full two weeks, or as much longer as conditions require. 
From the standpoint of the comfort of the patient, there is usually no 
particular huriy in dividing the first pedicle. On the other hand, when 
to divide the base pedicle, when the flap comes from a distant part, 
sa}" from the arm to the face, is a much more important matter to the 
patient, on account of the enforced irksomeness of the position. We 



Fig. 9. — Diagram sliowing the arrangement of the human cutaneous blood ves- 
sels, Spalteholz’ classification being used (Lewis). A and B indicate the siibpapil- 
lary venous plexus {A, the first venous plexus and terminal arterioles and B, the 
second venous ple.xus) ; C, the subpapillary arteriolar ple.xus ; D, the third venous 
plexus : E, the epidermis ; F, the cutis ; G, the arched arterioles ; H, the fourth 
venous plexus; I, the sweat gland layer; J, the cutaneous arterial ple.xus. 

hat'C found that when the tube has been opened out for one-third its 
length or more and has been sutured in close contact with its new 
bed, that, all other conditions being favorable, we can begin to divide 
the pedicle as early as the eighth or ninth day and have the arm down 
on the tenth or eleventh day rather than wait two weeks as we had 
previously done. In these cases there is often profuse bleeding from 
both ends of the divided pedicle showing a good circulation originating 
in this period of time from the new base, as well as from the original 
source of blood supply. 
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Fig. 10. — The early division of pedicles and transference of a tubed flap from 
the arm to cheek. A, a tubed flap 13 cm. long formed on the inner side of the 
arm. This flap was planned in width, length and position to fill a defect to be 
made by the excision of a contracted scar of the cheek and lip. Note the complete 
formation of the tube, the type of pedicles and that the skin has been sutured 
beneath the tube. The lower pedicle was divided in stages beginning on the tenth 
da 3 ', and the division was completed on the eleventh daj’ at which time the flap 
was opened for about half its length and was transferred and sutured, after raising 
the arm, into the defect on the cheek made bj' the excision of the contracted scar 
tissue and for which it had been prepared. B and C, the base pedicle on the arm 
was graduallj- divided beginning on the ninth daj-. Note the partial division in B. 
The division was completed on the tenth daj’. There was free bleeding from the 
stump attached to the cheek. This stump was opened and utilized. No portion of 
the flap was lost bj' the earlj’ division of either pedicle. D, the final result of the 
transfer of the tubed flap. Note the smooth normal looking skin which fits into 
its new environment quite naturallj'. 
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SUMMARY 

The clinical application of the information obtained in this experi- 
mental study has been successfully tried out on tubed flaps during the 
last three years. It has also been of value in determining the time of 
division of the pedicles in those long pedicled flaps which are raised 
and without being tubed are immediately sutured back into the bed 
from which they came until ready for transfer. 

The longer the tubed flap is allowed to remain intact, within certain 
limits, the more stable the blood suppl}' becomes, but from our obser- 
vations, both clinical and experimental, we are convinced that the 
establishment of circulation in tubed skin flaps occurs considerably 
earlier than was previously thought possible and consequently that it is 
safe to divide the pedicles sooner. 



A PATH Ol- 1XFF.CTI()X FX I’lCRIXliPHRmS 


HARRY C. ROI.NICK. M.l). 

(llICAr.i) 

Last year, l)cl’nrf llu' Ciiicai,'!) I’mloi^ical .Stjcicly. ]3r. Biir.stcin and J 
reviewed a series nl fifty-live cases of ])eriiie]iliritic aliscess.' Tliirty- 
Iwo Were metastatic in nriijin. The metastatic altscesses are of particular 
interest Iiecause they are usually diattnosed only when the condition has 
become well developed. 'I'hey are, in the vast majority of cases, pri- 
marily cortical abscesses of the kidney,- thus accounting for the difficulty 
in their diagnosis. The ah.scess at first docs not communicate with the 
renal pelvis, so that the urinary and |)velograi)hic findings are negative 
until some weeks later, when the abscess has c.xtended and communi- 
cates with the iK'lvis. The outer capsule undergoes inflammatorj- reac- 
tion and encaiisulates the abscess, anrl thus here also evidence does not 
usually present itself until the abscess has spread into the perinephric 
tissue, when it is possible to make the diagnosis by the presence of a 
tumor, the finding of pus by aspiration or roentgenologic evidence. 

The various modes of invasion in perinephritis are pictured in the 
accompanying diagram (fig. 1). One of the paths of extension of 
infection — ^that along the periureteral sheath, of which very little men- 
tion has been made in the literature — is here shown. 

Since that report, I have operated in twelve cases of perinephritic 
abscess, one of which was bilateral. Two of these cases are of particular 
interest in that they indicate the path of infection as the sheath of the 
ureter. Other postoperative and postmortem observations are also of 
interest, for they show Cjuite definitely the ureteral sheath as the pathway 
of infection from the pelvis upward and from the kidney down. These 
various observations prompted the experimental roentgenologic obser- 
vations on postmortem specimens of kidneys, ureters and bladder, which 
■will be reported. The various clinical obsen'ations will be briefly men- 
tioned first. 

REPORT OF CASES 

Case 1. — In a woman, five days after a normal labor, a chill developed, followed 
by a fever which persisted for weeks and which was septic. There were no pelvic 
or urologic findings. After six weeks some tenderness and rigiditj- in the right 

Read before the Chicago Urological Society, April 23, 1931. 

1. Rolnick and Burstein; Perinephritic Abscess: A Review of a Series of 
Cases, J. Urol. 25:507 (May) 1931. 

2. Hunt, V. C. : Perinephritic Abscess, J. A. if. A. 83:2070 (Dec. 27) 1924. 
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loin prompted incision of this region. A large perinephritic abscess, which had 
e.xtended in sacculations from the pelvis up to the kidney, was drained. Si.^ weeks 
later, a left perinephritic abscess was drained. This abscess also extended along 
the posterior part of the peritoneum from the base of the bladder up to the kidney. 

Case 2. — In a man aged 55, who gave a history and rectal findings of a chronic 
prostatovesiculitis, a septic temperature with some tenderness in the right lumbar 
region developed. Cystoscopic, urinary and roentgen findings were negative. 
.A. diagnosis of perinephritic abscess was made two weeks later by puncture and 
aspiration. At operation a large abscess, extending up to the kidney but lying in 
the dead space below it, was drained. Exposure of the ureter showed marked 
thickening and irregularity throughout its entire course from the bladder to the 
kidney. 



Fig. 1. — Diagram to show sources of perinephritic abscess. A, hematogenous 
form, face of infection elsewhere in body; B, extension of perinephritic abscess to 
subphrenic space; C, extension of infection from cortical abscess of kidney to fat 
around it ; D, same as C, but by way of lymphatics ; E, retrocecal appendiceal 
abscess extending to perinephric fat, and F, extension of infection from prostate, 
etc., along periureteral sheath. (From Eisendrath and Rolnick: Urolog}-, Phila- 
delphia, J. B. Lippincott Company, 1930, p. 690.) 

In the first case, the abscess may have developed and extended 
upward by continuity along the posterior peritoneum from the base of 
the bladder to the kidney. It may also have extended along the sheath 
of the ureter. 

In the second case, the evidence at hand, the previous prostato- 
vesiculitis, with negative urinary findings, and the irregularity, thicken- 
ing and beading of the ureter indicate extension along the sheath of 
the ureter. The abscess did not involve the perinephric tissue, for it 
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liad liki-ly lirokcn tliroutrh the ureteral slieath at one or more 

point? lielore extendinjt to the kidney. 

Cast, 3. — Ten day? following .a low ureterotomy for stone, the patient required 
cxi'o.-nrc of the kidney of that side because of pain, tenderness and rigidity over 
th.e hnnhar region, together with chills and fever. .'\n abscess was found which 
was entirely suhcapsular and had no renal involvement. 

Here also tlie extension ot the itilection, undoubtedly from tlic site 
of the tiretcrotomv wound, was either tilong the lymphatics of the wall 
of the ureter or more likely along the sheath of the ureter. 

Cask 4. — Two days following a difficult nephrectomy in a case in whicli a small 
jiortion of the iielvis was left because it was hound down toward the median line 
very close to the vena cava, funiculitis of the spermatic cord of that side with 
.some tenderness developed. This gradu.ally subsided and cleared up completely 
when the iialient left the hospit.al eighteen d.ays following the operation. 

Case 5. — .-V nephropc.xy for kink of the ureter, in which the ureter was freed 
from adhesions, was followed within thirty-six hours by a rather marked crepitus 
of air emphysema in the spermatic cord of the same side high up in the scrotum. 
There was no scrotal emphysema. The patient made an uneventful convalescence, 
the emphysema clearing up within si.x days. 

Cases 4 and 5 indicate rather clearly the path of the funiculitis and 
the air emphysema of the spermatic cord as the sheath of the ureter and 
by extension at the junction of the ureteral sheath with that of the 
seminal vesicle along the sheath of the vas to the e.xternal inguinal 
ring. A few years ago, I demonstrated the possibility of infection 
along the sheath of the vas,“ and also presented clinical evidence of the 
same. Abscess and funiculitis usually present themselves in the groin 
at Bogros’s space,'* a loose band of connective tissue separating the pelvic 
from the scrotal A^as. 

Case 6. — At operation for a transcapsular rupture of the kidney, a fairly marked 
hematoma Avas present ; blood had also extravasated along the posterior peritoneum 
downward for some distance along the sheath of the ureter. 

Case 7. — .Autopsy in a man who had a marked pelvic infection disclosed a 
calculus in the cavity of a prostatectomy wound of a year before. This had eroded 
through the prostatic capsule. The inflammatory involvement extended downward 
along the sheath of the vas up to the scrotal portion and also upward along the 
sheath of the ureter and posterior peritoneum up to the perirenal tissues. 

These t^arious observations of extension of infection from the pelvis 
uptvard and from the kidney downward, with no associated urinary 
findings, as shown in the first five cases, indicate the path of infection as 

3. Rolnick, H. C. ; Infections Along the Sheath of the \'as Deferens, J. Urol. 
14:371 (Oct.) 1925. 

4. Belfield, W. T., and Rolnick, H. C. : Roentgenographv and TherapA' Avith 
Iodized Oils, J. A. M. A. 86:1831 (June 12) 1926. 



44 


ARCHIVES OF SURGERY 


along the outer wall of the ureter or its sheath. The rapid extension 
downward of pus and air to the spermatic cord and of blood along the 
sheath of the ureter is strong evidence of extension of the process along 
the sheath of the ureter and by continuity along the sheath of’ the vas. 

Considerable experimental work has been done on ascending infec- 
tion of the kidney. Eisendrath and Schultz = showed that infection may 
extend upward along the anastomotic chain of lymphatics in the wall of 



Fig. 2. — Postmortem specimen of bladder, ureter and kidney ; the peritoneum is 
still attached to the ureter. The periureteral sheath is shown with injection of 
contrast medium throughout most of its length. 

the bladder and ureter, and that ascending infection can develop in this 
manner secondarily from infection of the prostate and seminal vesicle. 

Belfield,” in his classic paper on “Pus Tubes in the Male,” described 
the intimate relation of the ureter, vesicle and vas as the broad ligament 

5. Eisendrath and Schultz: J. M. Research 35:29S (Jan.) 1917. 

6 Belfield, W. T. : Pus Tubes in the Male, J. A. M. A. 53:2141 (Dec. 25) 

1909. 
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in the male and sliowcci the close proximity of the fascia and sheath 
of the seminal vesicle with that of the ureter. 

\'on Lichtenherg ' discussed pathologic involvement of the upper 
urinary tract secondary to adne.xal disease in the male anrl showed vary- 
ing degrees of hydronephrosis and renal infection resulting therefrom, 
some cases even requiring nephrectomy. These all resulted from com- 
pression of the lower part of the ureter by the seminal vesicle and stric- 



Fig. 3.— Postmortem specimen of bladder, ureter and kidnej's ; contrast fluid 
is shown injected into both ureteral sheaths extending from the base of the bladder 
up almost to the kidney. 


ture of the ureter, owing to extension of infection to the ureter from 
the prostate and seminal vesicles. 

Considerable emphasis has been given of late to the importance of 
adnexal disease in the male in pathologic involvement of the upper 
urinary tract. Von Lichtenherg ' spoke of the junction of the urinary 
and genital tracts in the male at the point where the vas crosses the 

7. von Lichtenherg: J. Urol. 24:1 (July) 1930. 
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ureter and the seminal vesicle comes in contact u-ith the ureter as a 
bad corner. At this point, there is a common nerve, blood and lymph 
supply. The ureteral sheath communicates here with that of the seminal 
vesicle and also with the loose fascia at the base of the bladder in both 
males and females. 

The sheath of the ureter covers the ureter along its entire course, 
extending upward from the base of the bladder, enveloping the renal 



Fig. 4. — ^\^arious specimens showing tlie injection of the periureteral sheaths 
with contrast fluid at various points along their course. 


pelvis and infiltrating and covering the fatty and true renal capsule. 
Within this sheath the ureter has considerable of its blood, lymph and 
nerve supply. In performing a ureterotomy for stone, it is best to leave 
the ureter attached to the peritoneum. Traction on the ureter and 
separation from the peritoneum ina}' result in separating it from its 
sheath. Slough of the ureter and persistent fistulas may result from 
depriving it of its blood, lymph and nerve supply. It is, therefore, erd- 
dent that the ureteral sheath is an important structure, and that it also 
permits possible extension of infection. 
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The periureteral sheath is also considered in Eisendrath and 
Rolnick's ® “Urology" as a path of extension of infection to the 
perirenal tissue from the jiarametria. prostate, seminal vesicles and 
bladder. 

KX PERI MENTAL DATA 

The experiments for the purpose of determining the accuracy of the 
various clinical observations were made as follows: 



Fig. 5. — Specimen showing the injection of the periureteral sheath of each side 
with contrast fluid practically its entire length. 

Fresh postmortem specimens of both kidneys, ureters and bladder were 
emplo 3 -ed. The specimens were from both males and females, children and adults ; 
in all, thirty were obtained over a period of a few months. In the male the 
adnexae were also attached. 

A contrast fluid of from 25 to 30 per cent sodium bromide solution was injected 
into the ureteral sheath, and the specimen was then roentgenographed. Injections 
were begun either in the fascia at the base of the bladder near the ureter or within 

8. Eisendrath, D. N., and Rolnick, H. C. : Urologj-, Philadelphia, J. B. Lippin- 
cott Company, 1930, p. 689. 
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tlie sheath of the scmina! reside. In others, injection was made directly into the 
areterai siieath, beginning- at the juxta vesicular portion of the ureter and extending 
upward. In a few specimens the injections within the sheath were begun at the 
renal pelvis and carried downward. In practically all instances, the contrast fluid 
could be forced ver.r readily upward or downward along the sheath of the ureter. 
In the female, infiltration of the loose tissues at the base of the bladder permitted 
the forcing up and milking upward of the contrast medium in the ureteral sheath. 
The accompanying illustrations (figs. 2, 3, 4, S and 6) show the ureteral sheath 
into which contrast fluid was injected in the various ways mentioned. 



Fig. 6. — In each of these specimens, pyelograms and ureterograms have been 
made of one side to show the contrast with the other side in which injection into 
the ureteral sheath has been made. On the left hand side injection has been made 
into the ureteral sheath, from the base of the bladder upward. Air has been 
injected into the lumen of the ureter. On the right hand side, a ureteral catheter 
has been inserted into the lumen of the ureter, and injection made into the ureteral 
sheath from the bladder upward. 


COMMENT 

This, I believe, is the first time tliat the possibility of extension of 
infection along the sheath of the ureter has been demonstrated roent- 
genograpbicalty. These clinical and experimental observations should 
be of particular interest to gynecologists as well as to urologists. There 
are many clinical observations by both gjmecologists and urologists of 
adnexal and pelvic infection causing infection of the upper urinary tract. 
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The clenioiistration of extension of infection along the sheath of tlie 
ureter is of decided clinical importance. 

Bands and adhesions about the ureter and renal pelvis, jteriurcteritis, 
peripyclitis and perinephritis, acute and chronic and of varying degrees 
of severity, including perincphritic abscess, may result from extension 
of infection along the sheath of the ureter secondary to ]ielvic infection 
in both male and female. 

Dr. JatTe, pathologist at Cook County Hospit.al, and his associates procured tlie 
specimens used in these experiments. 

Dr. Kaplan, radiologist at ^^ount Sinai Hospital, did the roentgcnographic work 
on the specimens. 



RESECTION OF SENSORY NERVES OF PERINEUM 
IN CERTAIN IRRITATIVE CONDITIONS OF 
THE EXTERNAL GENITALIA 
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HAMILTON MONTGOilERY, M.D. 
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VIRGIL S. COUNSELLER, JI.D. 

ROCHESTER, MIA'.V. 

The purpose of this paper is to form some estimate of the efficacy 
of neurectomy of sensor}' nerves in tlie treatment of certain irritative 
lesions of the female external genitalia. The intolerable itching which 
may be associated with such conditions as kraurosis, leukoplakic vulvitis 
and pruritus of the vulva with or without lichenification is often par- 
ticularly resistant to local medication, whether this consists in the 
application of drugs or in exposure of the region to roentgen or actinic 
rays. This distressing s}'mptom not only leads to excoriation of the 
parts, but also reduces the physical and moral stamina of the patient 
by depriving her of sleep. Two surgical procedures are available for 
the treatment of these conditions: vulvectomy and section of the sensory 
nerves to the parts. The choice of operation may be simplified by the 
occasional appearance of malignant lesions in the course of one of these 
diseases, a matter that has been recently dealt with by one of us ; ^ in 
such cases either simple or radical vulvectomy, according to the degree 
of malignancy, is obviously the correct treatment. In cases in which 
there is not any suspicion of malignant degeneration, section of the 
sensory nerves of the area avoids the element of mutilation inseparable 
from vulvectomy. At first sight it would appear that neurectomy is 
merely symptomatic treatment; however, we have evidence that this 
operation may have a healing effect on the cutaneous lesions. This 
evidence, with a description of the histologic appearance of the skin 
before and after operation, rvill be presented in a subsequent paper. 

THE NERVES OF THE EXTERNAL GENITALIA 

The pudic nerve (fig. 1) is derived chiefly from the third and fourth 
sacral segments of the spinal cord, and also receives a small contribution 

From the Section on Neurologic Surgery, the Section on Dermatology and 
Syphilology and the Division of Surgery, the Mayo Clinic. 

L Counseller, V. S. : Leukoplakic Vulvitis or Kraurosis Vulvae ; Its Relation 
to Carcinoma and Its Surgical Treatment, Minnesota Med. 14:312 (April) 1931. 
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from tlic second sacral segment. It enters tlie iscliiorectal fo.s.sa around 
the lower border of the small .sacrosciatic ligament, and runs on the 
inner aspect of the obturator internus muscle in a fascial tunnel known 
as Alcock’s canal. At first it has the pudic arterj’ and veins on its outer 
side, hut soon takes up a position superficial to these vessels. Soon after 
its appearance in the fossa it gives off its inferior hemorrhoidal 
branches, which cross the sjiace to su])ply the iiosterior part of the 
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Fig. 1. — The anatomy of the pudic nerve (Spalteholz). 


external anal sphincter and the skin overl3'ing this; not uncommonly, 
however, these branches arise directl}" from the sacral plexus and enter 
the fossa separately. The .trunk itself courses forward and becomes 
more superficial; it ends by dividing into the perineal nert'e and the 
dorsal nerve of the clitoris. Sometimes the trunk divides into these 
in the posterior part of Alcock’s canal; sometimes its final division is 
delayed until it reaches the superficial transverse muscle ; usually the 
separation into its terminal branches takes place about the middle of 
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Alcock’s canal. Where^'cr they are formed, the perineal nerve lies 
superficial to the pudic r'essels, and the dorsal nerve of the clitoris deep 
to them. 

The perineal nerve almost at once divides into two branches : super- 
ficial and deep. The superficial perineal nerve is purely sensory, and 
passes forward to divide into the external and internal labial nerves, 
which may be traced at least as far as the middle of the labia majora; 
the external nerve usually goes superficial to the transversus perinei 
muscle, the internal nerve through or deep to that muscle. The external 
labial nerve anastomoses with the pudendal branch of the small sciatic 
nerve. The first offshoot of the deep perineal nerve is a branch for the 
anterior part of the sphincter ani externus. When the pudic nerve 
divides about the middle of Alcock’s canal, this anal branch passes trans- 
versely to its destination ; on the other hand, when the final division of 
the pudic nerve is delayed until it reaches the posterior border of the 
superficial transverse muscle, the anal branch curves backward and some- 
what inward to reach the sphincter. The uncertainty of the course 
pursued by the anal nerve makes it necessary for the surgeon to identify 
and avoid it during resection of the sensory nerves of the area. The 
deep perineal nerve then leaves the fossa by passing deep to the super- 
ficial transverse muscle and between the two layers of the triangular 
ligament; it is expended chiefly in the supply of the muscles in the 
anterior part of the perineum; the superficial transi'erse muscle, the 
posterior part of the constrictor urethrae," the ischiocavernosus and 
the sphincter vaginae ; it also sends branches to the bulb of the vestibule. 

The dorsal nerve of the clitoris passes between the two layers of the 
triangular ligament, in companj^ with the pudic artery; in this part of 
its course it gives motor fibers to the anterior part of the constrictor 
urethrae. Close to the symphj'sis it pierces the triangular ligament 
and ends in the supply of the clitoris. 

The small sciatic nerve, which is derived from the first, second and 
third sacral nerves, also contributes to the sensory innervation of the 
external genitalia. One of its descending branches, the pudendal branch, 
runs mesiall}^ and forward, and courses toward the vulva about 2 cm. 
lateral to the ramus of the ischium. Finally, it pierces the deep fascia, 
and after anastomosing with the external labial ner'S'e, it is distributed 
to the posterior half of the labium majus, and to the adjacent part of 
the skin of the perineum. 

The anterior third of the labium majus derives its sensory supply 
from the terminal branches of the ilio-inguinal nerve and the genital 

2. Including that part of this muscle sometimes separatefi' described as the 
transversus perinei profundus. 
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hrniich of the ij;eiiitocrur:iI nerve. 'J'lic ilio-ingiiinal nerve i.s derived 
from tlie fir.'^t, nnd tlie jtenitocniral from tlie fir.'^t aiul second lumbar 
seitments of tlie spinal cord. 

The ctitnneous areas subserved by each of the main sensor}' nerves 
are shown in figure 2. which has been modified from Tavel.” On account 
of the rich anastomosis between their terminal twigs, the area supplied 
by each nerve is not sharply flemarcatcd, and as a corollary the division 
of any one of them does not lead to complete paralysis of sensation in 
the territory attributed to it. This is especially the case with the labial 
nerves, the fine terminal branches of which often appear to overlap the 
field of the ilio-inguiiial and genitocrural nerves. However, sensation 




Fig. 2. — The cutaneous distribution of the nerves of the perineum in the female 
(modified from Tavel) : a, ilio-inguinal and genitocrural nerves; b, dorsal nerve 
of clitoris ; c, superficial perineal nerve ; d, pudendal branch of small sciatic nerve, 
and e, inferior hemorrhoidal nerve. 

in the posterior two thirds of the labia majora may be greatly blunted 
by division of the superficial perineal nerv^es and the pudendal branches 
of the small sciatic nerves ; the clitoris may be added to this area by 
division of its dorsal nerves. 

From an analysis of the sensor}' innervation of the perineum, it will 
be apparent that in order to allay irritation about its hinder part, the 
surgeon should aim at dividing the superficial branches of the perineal 

3. Tavel, E. : La resection du nerf honteux interne dans le vaginisme et le 
prurit de la vulve, Rev. de chir. 25:143, 1902. 
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nerves, the pudendal brandies of the small sciatic nerves and, if neces- 
sar}', the dorsal nerves of the clitoris. The muscular branches of the 
deep jrerineal nerves to the anterior part of tlie sphincter ani must be 
carefully preserved ; the nerves to the posterior part of the sphincter ani 
are not likely to be displayed during the operation. 

TECHNIC OF OPERATION 

For seventy years sporadic reports of operations on the pudic nerves have 
appeared in surgical and gynecologic literature. Most of these reports attribute 
the first operation to Sir James V. Simpson ^ of Edinburgh, but give a reference 
to one of his papers which does not allude to neurectomy. The correct reference 
contains a description of the procedure, under the heading “Hyperaesthesia and 
Neuralgia of the Vulva,” and gives priority in its use to Dr. Burns of Glasgow. 
This description is quoted to show the first step in the evolution of the operation. 
It may be added that the temporary nature of the results obtained by the original 
method ivere obi-iously due to regeneration of the ner\-es. 

“There is one other morbid condition of the female genital organs, regarding 
which you must allow me to say a word or two during the few minutes we have 
still at our disposal. It is observed chiefly in married women wlio come to you 
complaining that contact with a certain point in the sides of the vaginal orifice, or 
vulva, causes them such acute suffering that they are totally unable to endure any 
attempt at marital intercourse. This pain seems to be due to a state of hyper- 
aesthesia of the pudic nerve, and was first described by Dr. Burns, of Glasgow, who, 
in his Principles of Midwifery, after describing the anatomical distribution and 
relations of the nerve, goes on to say that it ‘is often preternaturally sensible, so 
as to cause great pain in coitu, as well as at other times. It may be exposed, by 
cutting through the skin and fascia, at the side of the labium and perineum; begin- 
ning on a line with the front of the vaginal orifice, and carrying the incision back 
for two inches. The nerve being blended with cellular substance is not easily seen 
in such an operation; but it may be divided by turning the blade of the knife, and 
cutting through the vagina to its inner coat, but not injuring that. It may be more 
easily divided by cutting from the vagina. Slitting, merely, the orifice of the vagina 
will not do; we must carry the incision fully half an inch up from the orifice, and 
also divide the mucous membrane freely in a lateral direction.’ I formerly knew 
one or two patients who had consulted Dr. Burns in regard to this affection, and in 
whom the pudic nerve had been divided in the manner he describes, either by 
himself or by his son ; yet in these patients the painful sensation returned, though 
sometimes not in the same place, but in the track of some other nerve. I believe, 
with Dr. Burns, that the best palliative treatment for such cases is division of the 
affected nerve; but, instead of layn'ng it bare, I have usually cut it through sub- 
cutaneously, by means of an ordinary tenotomy knife. It is a surgical measure far 
more simple in its character. Occasionally there is greater supersensitiveness 
and neuralgia of the vulva and vaginal orifice, without there existing any 
local lesion whatever capable of accounting for it. The pain is not then usually 
limited to anj’ one single point. Such cases require the usual constitutional treat- 
ment of neuralgia, as iron, manganese, arsenic, etc., sometimes in long-continued 

4. Simpson, J. Y. : Clinical Lectures on the Diseases of AVomen ; Lecture 10. 
On Caruncles of the Urethra — Neuromata of the Vulva — Hyperaesthesia and Neu- 
ralgia of the Vulva, M. Times & Gaz. 39:333 (April 2) 1859. 
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cour>cs. Yon have to use itcncral aiiti-iiciiralsia tonic medicine? and incasnres ; 
and locally all form? of sedative? and anodyne apiilications.” 

Alternative methods for resectinc the nerves of the perineum have hcen described 
hy Rochet ’ and Tavel, and recently hy Wertheimer and Michon/’ It is [lossihlc to 
approach the resection by either of two plans ; liy fmdinK the trunk of the pudic 
nerve, and then tracinc; it iteripherally to the desired hranches, or hy finding certain 
peripheral hranches and tracing them proximally to the terminal branches of the 
trunk. In onr experience the second method has proved satisfactory (figs. 3 and 4). 

The patient is placed in an exaggerated lithotomy position, and the parts arc 
prepared. The steps of the operation arc the same on both sides. The length of 
the incision varies from 7.5 to 10 cm., depending on the obesity of the subject. It 
is placed parallel to and about 3 cm. from the rami of the isebium and pubis, about 



Fig. 3. — Division of nerves of vulva, first stage. Inset, the incisions. 

five sixths of it being anterior to the anus. An incision so placed rarely gives rise 
to subsequent discomfort in walking or sitting. The incision is deepened by blunt 
dissection until the posterior border of the superficial transverse muscle is reached. 
The superficial perineal packet of vessels and nerves is then isolated as it turns 
forward around the muscle. It is not unusual for this packet to contain only the 
inner of the two labial nerves ; the outer labial nerve should then be sought as it 
turns around the border of the muscle. We have not found it of any advantage 
to attempt to preserve the small arteries and veins in the packet; it is divided 
between two clamps. The outer nerves in the grasp of the distal clamp are then 
traced distally, in an attempt to find their anastomosis with the pudendal branch 

5. Rochet, V.; Traitement chirurgical des prurits perineaux, anaux et vul- 
vaires, L 3 'on med. 100:570, 1903. 

6. Wertheimer, P., and Michon, L. ; La nevrotomie du nerf honteux interne: 
indications, technique, resultats, J. de chir. 31:497 (April) 1928. 
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of the small sciatic nerve; if the latter is reached it is divided and its distal portion 
is twisted out. If it is not reached, the labial nerves and vessels are ligated as 
far forward as possible, or twisted out, and the tissues thus isolated are removed. 
The nerves in the grasp of the proximal clamp are then traced pro.ximally until 
the perineal branch of the pudic nerve is reached. The twigs of this nerve that 
run to the anal region are carefully safeguarded; if it is necessary to denervate 
the skin of this area, each terminal twig must be tweaked; only the twigs that 
depress the skin when tweaked are to be resected. The branches between the 
perineal nerve and the pro.ximal clamp are removed, after ligation of any vessels. 
In this wa 5 ' a segment of the labial nerves from S to S cm. long may be resected, 
and a segment from 2 to 3 cm. long of the sensory branches of the perineal nerve 
to the skin around the anus. 


Lapial nerves 
^ ana vessels 


Piidendal ^ 
branch of/ 
small sciatic 
nerve 



•ITuscular 

branch 


/' Cutaneous 

hranchi 

MATO CLfMir 


Fig. 4. — Division of nerves of vulva, second stage. 


If the dorsal nerve of the clitoris is to be resected, it may be found deep to 
the pudic artery, by following the perineal nerve (or bundle of nerves) toward the 
pudic trunk on the surface of the obturator internus muscle. Alternatively, if 
the division of the pudic nerve has taken place in the posterior part of its course, 
the dorsal nerve of the clitoris may be sought direct^- in Alcock’s canal. 

If it has been impracticable to isolate the pudendal branch of the small sciatic 
nerve in front, an attempt may be made to find the branch as it approaches the 
perineum. It runs parallel to and about 2 cm. to the outer side of the ramus of 
the ischium, and ma)’ be sought in this situation after retraction of the outer lip 
of the wound. 

The deep layers of the wound are then approximated by a few points of catgut, 
and the incision in the skin is closed. We have not found it necessary to employ 
drainage. A similar procedure is then carried out on the opposite side. The post- 
operative treatment does not differ from that of any other operation on the 
perineum. 
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I’KKviorsr.v ki-xordki) oimcrations 

T\v(i cases liave been recorded by Kocliet ; ' 

A woman, aped d8, Iiad pruritus for more than ten years ; even the vagina and 
tlie urethra itched. Apparently tlic trunk of the pudic nerve was divided on both 
sides; the pudic vessels were preserved. TIic itcliing was relieved for at least 
three years. 

A man, aged 50, had pruritus of the anus and scrotum for two years. The 
superficial branches of the perineal nerve, its branches to the skin around the 
anterior part of the anus and the pudendal branch of the small sciatic nerve were 
divided on both sides. The patient was completely relieved, and the cure persisted 
for at least eight months. 

One cn.se lias Iteen recorded Ity Murard:' 

A woman, aged 54, underwent subtotal hysterectomy in 1922, under spinal anes- 
thesia. A day or two after the operation she began to have .symptoms of two 
distinct types : a feeling of weight in the perineum, with a sensation of fulness in 
the bladder leading to frequency, and pruritus of the vulva. Seven years after 
the original operation, the pudic nerves were divided on both sides. Five weeks 
later the pruritus had disappeared, and the parts appeared healthy. The presence 
of the perineal scars gave rise to a little inconvenience in walking Murard was of 
the opinion that an injury to the roots of the cauda equina during the administration 
of the spinal anesthetic was the exciting factor in the case, but in the discussion 
which followed its presentation. Basset stated that an analj-sis of a large series 
of cases in which spinal anesthesia was used did not lend support to this view. 

One case has been recorded by ^lauclaire : ® 

A woman, aged 34, two months after a pelvic operation, began to suffer from 
intense vulvovaginal pruritus, much pelvic pain and some vaginismus. At a second 
laparotomj', adhesions were separated and the remaining ovary was partially 
resected. The pruritus became worse. Eight months after the original operation, 
the right dorsal nerve of the clitoris and the left perineal nerve were resected. 
The patient was relieved of her symptoms, except that some vaginismus persisted. 

One case has been recorded by Albertin : “ 

A woman had.suffered for eight years from pain in the bladder and vulvovaginal 
pruritus. On the right side the resection was limited to the perineal nerve, and on 
the left side the pudic nerve and artery were resected. The pruritus was relieved 
for the fortj'-five days the patient remained under observation. It is noteworthy 
that, after the neurectomy, the passage of a catheter could still be felt. 

One case has been recorded by Tavel : ~ 

A woman, aged 48, had suffered for a number of years from pruritus of the 
vulva, and an extreme degree of vaginismus. On the right side the perineal nerve 

7. Murard, Jean : Troubles vaso-moteurs et hyperesthesiques consecutifs a 
une rachianesthesie. Traitement par nevrotomie des honteux internes. Bull, et mem. 
Soc. nat. d. chir. 55:1153 (Nov. 6) 1929. 

8. Mauclaire, P. : A propos du prurit vulvaire traite par le nevrotomie bilate- 
rale des nerfs honteux internes. Bull, et mem. Soc. nat. d. chir. 55:1210 (Nov. 30) 
1929. 

9. .“Mbertin : Resection des nerfs honteux internes, Lj’on med. 100:572, 1903. 
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was avulsccl, its anal branch being preserved ; on tbe left side tlie perineal nerve 
was avulsed in its entirety. Three months later the patient was entirely relieved, 
but had a little trouble in retaining a liquid stool. 

One case has been recorded by Berard and Wertheimer; 

A woman, aged 52, had had intense pruritus of the vulva for fifteen months. 
This resisted local treatment and periarterial sympathectomy of both internal iliac 
arteries. The perineal branch of the pudic nerve was divided on both sides. The 
result was e-vcellent ; not onb’ was there symptomatic relief, but the cutaneous 
lesions were much improved. Two years later the patient had a mild recurrence 
of itching, which yielded to rest in bed. 

CASES OBSERVED AT THE MAYO CLINIC 

Case 1. — A woman, aged 45, came to the clinic on Oct. 31, 1930, complaining 
of itching of the vulva which had begun in 1928, after panhysterectomy. The 
patient had not obtained satisfactor 3 ’ relief from local applications. About tbe 
clitoris, and between the fourchet and the anus, were several rough and elevated 
whitish patches. The vulva was markedly atrophied. A diagnosis was made of 
kraurosis of the vulva and beginning leukokeratosis near the fourchet. 

On November 13, a specimen of skin was removed immediately posterior to the 
fourchet. Thereafter both branches of the superficial perineal nerve were divided, 
on both sides, at the posterior border of the superficial transverse muscle; the 
pudendal branch of the small sciatic nerve was also divided on both sides. On 
December 1, the wounds had healed, after some drainage from the wound on the 
left. The patient e.-epressed herself as completely relieved. Two days later a 
dermatologist assessed the decrease in leukokeratosis at 75 per cent. On Jan. 9, 
1931, the patient’s family physician wrote that the vascularity of the tissues was 
much increased, and that the itching had disappeared entirely. An area 1 cm. in 
diameter to the left of the clitoris was still white and caused discomfort at times. 
In December, 1931, the patient was well pleased with the result of the operation. 

The tissue removed showed the histopathologic picture of leukoplakia. 

Case 2. — A woman, aged 49, came to the clinic on Nov. 28, 1930, complaining 
of intense itching of the vulva of four years’ duration. This had resisted treatment 
bj' local measures. On the inner aspects of the labia majora the skin was thick 
and white, and showed numerous excoriations at their upper angle. The labia 
minora were absent. There was relatively little atrophy of the skin, the latter 
being for the most part thick, white and soggj'. A diagnosis was made of pruritus 
of the vulva, which some authorities would possibly term kraurosis in the hj-per- 
trophic stage. 

On December 4, the perineal branches of the pudic nerve were divided on both 
sides. The pudendal branch of the right small sciatic nerve alone was divided: 
that of the left nerve was not identified. A portion of skin was removed for exam- 
ination. On December 19, itching was still felt at night. A small area of soggy 
skin was still present around the clitoris. On Feb. 16, 1931, some itching was still 
present on the right side. On Jan. 13, 1932, the patient reported that she had had 
little relief from the operation, and that the presence of the perineal, scars somewhat 
interfered with walking. 

Sections of the skin removed at the operation showed the histopathologic picture 
of kraurosis of the vulva in its hs'pertrophic stage. 

10. Berard, L., and Wertheimer, P. : Kraurosis vulvae. Nevrotomie des nerfs 
honteux internes. Guerison, Lyon chir. 23:524, 1926. 
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Cast. a. — A wdiiian, niicd (il, caniL- to the clinic rm Pel). 28, 1931, complaining 
of itching ahnnt the amis and vniva, of nine years' duration. Tins had lieen treated 
elsewhere hy injections of alrolinl ahont the anus and e.\ternal genitalia, hut without 
success. The vulva was eilematons and swollen. The inneons memhranc was 
blanched, and there was a small area of necrosis and sloughing on the inner aspect 
of one lahinm majns. The skdn on the inner asiiccts of both thighs was mildly 
irritated. The perianal skin showed similar hut less severe lesions. A diagnosis 
was made of kraurosis of the vulva and anus, and Icukoplakic vulvitis with lichenifi- 
cation and abrasions. 

On March -1. the iierineal nerve on the right side was divided, including a 
branch to the skin around the ami.';, and a similar resection was performed on the 
left side. The pudendal branches of the small sciatic nerves were not divided. A 
small piece of skin was removed for c.\aniination. On March 25, the vulva was 
less .gr.ay and more pinkish. There was not any evidence of scratching or leuko- 
plakia. On June 1, scratch marks and erythema were both absent. The vulva had 
the usual light pink tint seen in older life. The patient was completely relieved 
of the itching. 

The skin from the vulva showed the microscoinc features of both kraurosis and 
leukoplakia. 

Case 4. — .A woman, aged 49, came to the clinic on June 29, 1931, complaining 
of intense itching about the vulva, of thirteen years’ duration ; at times this had 
been so intense that the parts had been scratched until they were raw. Local 
treatment had not been of any avail. She had had some trouble in controlling the 
rectal sphincter. A diagnosis was made of pruritus of the vulva, with slight 
kraurosis, and mild prolapse of the rectum. 

On July 8, the neurovascular packet containing the right superficial perineal 
nerves and vessels was divided. On the left side the vessels were dissected from 
the nerves, and only the latter were resected. During the dissection the right 
pudic artery was wounded and had to be tied, and the trunk of the right pudic 
nerve was also divided. A small piece of skin was removed for histologic study. 

On July 20, the patient was relieved of the itching. She still had some trouble 
in controlling the rectal sphincter. On August 25, she reported that she had com- 
plete relief from itching; the rectal trouble persisted. On Feb. 5, 1932, she reported 
that the operation had been “a perfect success.” 

The skin from the vulva showed the histopathologic picture of neurodermatitis. 

Case 5. — A woman, aged 55, came to the clinic on July' 9, 1931, complaining 
of itching of the vulva of thirteen years’ duration. Local treatment had not 
resulted in improvement. Around the vulva and anus there were pigmentation, 
excoriation and definite atrophy involving the inner aspects of the thighs as well 
as the vulvar folds. Patches of superficial ulceration were present in these areas. 
A diagnosis was made of kraurosis of the vulva. 

On July' 24, an ulcerated area near the clitoris was removed for histologic exam- 
ination. Thereafter the superficial perineal branches of the pudic nerve and the 
pudendal branch of the small sciatic nerve were resected on both sides. On August 
8, the patient was completely relieved of itching. On Jan. 16, 1932, she reported 
that her condition was greatly improved; a little itching about the urethra was 
still present, at night only'. 

The portion of skin removed showed the histopathologic picture of leukoplakia. 

Case 6. — A woman, aged 40, came to the clinic on Aug. 27, 1931, complaining 
of itching of the vulva of ten years’ duration. The first lesions had appeared on 
the inner aspect of the right thigh. After various local measures had been tried. 
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a series of applications of radium was made (elsewhere) over the vulva. The 
labia majora were edematous and red. Their skin was atrophic and contained 
numerous telangiectatic vessels. Above the clitoris were several moderately deep 
crusted ulcerated lesions, involving both labia. A diagnosis was made of pruritus 
and actinodermatitis of the vulva. 

On September 1, the superficial perineal nerves and the pudendal branch of the 
small sciatic nerve were divided on both sides. On September 15, the itching had 
disappeared. In spite of their unfavorable situation both wounds had healed by 
primary union. On Jan. 12, 1932, the patient reported that she was in excellent 
condition and had no itching, and that all the ulcerated areas had remained 
healed. A biopsy was not performed in this case. 

Case 7 . — \ woman, aged 55, came to the clinic on Aug. II, 1931, complaining 
of itching of the vulva of four years’ duration. A diagnosis was made of kraurosis, 
involving the labia minora and clitoris. 

On August 19, a specimen was removed for histologic examination; the super- 
ficial perineal nerves and the pudendal branch of the small sciatic nerve were 
resected on both sides. On September 2, the only itching area remaining was a 
small patch near the clitoris, where skin had been removed. On September 17, 
the patient reported that there had been some discharge from both wounds. On 
November 2, a further report stated that the itching had almost completely dis- 
appeared. In January, 1931, the patient reported that she had periods of itching 
about three times in each twenty-four hours. 

The skin removed at operation showed the histopathologic picture of kraurosis 
of the vulva. 

FC.NCTION AFTER OPERATION 

The Depth of Sensory Paralysis . — It has been pointed out that the 
sensory suppl}^ of the female genitalia is not demarcated in strict zones, 
so that an accurate assessment of the sensory changes which result from 
neurectomy is difficult. We have found that the area of blunting of 
sensation corresponds fairly closely to the territory assigned in figure 2 
to the perineal nerves, although an attempt has not been made to separate 
their territory from that of the pudendal branches of the small sciatic 
nerves. In one of our successful cases tactile sensibility was not absent, 
although it was somewhat depressed, the principal change observed 
being analgesia, graded — 2 to — 3 on a basis of 4. Although single, this 
is an interesting physiologic observation, for elsewhere in the body the 
division of a sensory nerve usually produces more extensive anesthesia 
than analgesia. As a corollary it is of interest that the irritation w'hich 
is called itching was suppressed in an analgesic area, although touch 
could still be felt ; the orthodox view appears to be that itching is felt 
by wa}' of tactile fibers. We were unable to detect any sucb dissociation 
of anesthesia in our remaining cases. 

The Control of the External Sphincter of the Anns . — The posterior 
fibers of the external anal sphincter receive their motor nerves through 
the inferior hemorrhoidal branches, the anterior fibers from the perineal 
branches. The preservation of the inferior hemorrhoidal nerves is 
scarcely a matter for concern, because they do not hamper the operator 
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and indeed may nol ajiiiear in the field. More care is necessary to 
pre.<ervc the inn.'^cnlar liranche.-^ to tlie amis tliat arc derived from the 
ixirineal nerve; they were divided on one side in Tavcl's case, without 
any ijro.ss loss of rectal control. Division of the trunks of the pudic 
nerves distal to their inferior hemorrhoidal branches would leave the 
motor nerves to the posterior half of the sphincter intact, and in these 
circumstances it is likely that the comhined action of the smooth internal 
sphincter and the posterior half of the external sphincter would assure 
control, except of liquid stools and after the administration of purga- 
tives. 

The Control of the Constrictor Urethrae . — In women the striated 
muscle hhers surrounding the urethra lack the purposive arrangement 



Fig. 5. — Normal cystometrogram, after division of the right pudic nerve and 
the left superficial perineal nerve ; a, first appreciation of cold ; b, first desire to 
void ; c, first feeling of pain, and d, severe pain. 


found in men. For the most part, the3' are set irregularly' among the 
smooth muscle fibers that surround the wall of the tube. A part of 
this striated system is sometimes separately described as the transversus 
perinei profundus, and has assigned to it a function comparable to that 
of the external sphincter in men. This part of the sheet of striated 
muscle that closes the pelvic outlet in its anterior half can scarcely 
function as a true sphincter, because its fibers pass only behind the 
urethra, and form a sling for it rather than a circular controlling muscle. 

The sheet of striated muscle fibers around the urethra receives motor 
nerves from the deep branch of the perineal nerve and from the dorsal 
nerve of the clitoris, the territory of the latter nerv'e being anterior to 
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that of the former; although its arrangement in the female is not 
mechanicall}' adapted to function as a sphincter, the question of control 
of the bladder after operations on the pudic nerves is naturally of great 
importance. When the resection is limited to the purely sensory super- 
ficial perineal branches this question does not arise, but when it is 
desirable to divide the deep perineal branch and the dorsal nerve of 
the clitoris the surgeon must be able to assure his patient that the 
operation will not be followed by vesical incontinence. This sequel 
has not followed neurectomy, either in our hands or in those of others ; 
evidently, in women, the smooth sphincter is sufficient to provide, not 
only for retention of the urine, but for its periodic evacuation. If any 
branches of the pudic nerves played an essential part in vesical control, 
incontinence of urine ought to have followed operation in our case 4, 
in Rochet’s case 1, in Alurard’s case, in ]\lauclaire’s case and in Albertin’s 


Neurectomy of Perineal Nerves 


Observer 

Patient 

Obscn’cd; 

Time 

Result 

Roebet 

3 years 

Completely relieved 

Berard and Wertheimer. 

2 years 

Slight temporary recurrence after two years 

Learmonth 

14 months 

Almost completely relieved 

Learmonth 

13 months 

Little, if any, relief 

Completely relieved 

Rochet 

8 months 

Learmonth 

7 months 

Completely relieved 

Learmonth 

6 months 

Almost completely relieved 

Learmonth 

4 months 

Completely relieved 

Learmonth 

4 months 

Almost completely relieved 

Learmonth 

3 months 

Completely relieved 

Tavel 

3 months 

Completely relieved 

Albertm 

7 ^veeks 

Completely rclie\ e<i 

Murard 

5 weeks 

Completely relieved 

Mauclaire 

Not stated 

Relieved of pruritus; some vaginismus persisted 


case. In our case 4, a normal c^'stometrogram was obtained after the 
operation (fig. 5). 


CONCLUSIONS FROM RESULTS OF OPERATIONS 

The results of the fourteen operations reviewed in this paper are 
best tabulated according to the period during which the patient remained 
under observation (table). 

Experience has shown that the immediate effect of operation is to 
banish the pruritus. This desirable result has been absent in only one 
case (our case 2). We have not been able to explain this failure, as a 
result either of difficulty in performing the operation, or of any peculiar- 
ity of the vulvar lesion ; it must be accepted as a failure. Granted that 
immediate relief is the rule, it is obvious that the permanence of relief 
depends on the possibility of regeneration in the severed nerves ; there- 
fore, only the first four cases in the table are of value in assessing the late 
results of operation. In case 1 the result might well be called permanent. 
In case 2 the possibility arises that the recurrence after the elapse of 
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two years was due to ilie reslnratinu (j{ afl<litional sciisiljiliu- to the skin, 
altliouiili tile temporary nature f>f tlie recurrence is against tin’s view. 
In case 3. the interval since operation is scarcely long enough to permit 
laheling the result peniKinenl. In case 4 the result was a failure from 
the first. In the remaining ten cases, assessment of the immefliate relief 
alone can he made; this w:is satisfactory in all. 

It follows that every care niiivt he taken at operation to resect or 
twist out sufficient lengths of the desired nerves to reduce the likelihood 
of restoration of their continuity, hi their course the superficial perineal 
nerves undergo a sharji change m direction, and moreover their origin 
from the jierineal nerve is on a suhstantially deeper plane than is their 
cutaneous distrihutiou. It appears lo us that the restoration of any 
considcrahle degree of innervation is unlikely in the territory of the 
labial nerves. It is otherwise ffir the nerves supplying the skin anterior 
to the anus. Their direction and plane correspond to those of the parent 
nerve, and it is not possible to resect more than a short segment of 
them : to guard against regeneration, the parent branches may he doubled 
hack and tied in this |iosition. 

The operation aii])cars to he well borne. Two patients in the com- 
plete series complained that the perineal scars interfered with walking; 
in one of these four case 2) the operation had been totally ineffective, 
and in the other (Murard’s case) the surgeon was unable to detect any 
alteration in the gait of the patient. Wc have indicated that a carefully 
performed operation docs not prejudice the function either of the blad- 
der or of the rectum. 

To sum up, we feel that neurectomy may well be offered to patients 
suffering from irritative conditions of the vulva, except those of two 
types ; When there is any suspicion of malignant change, vulvectomy is 
the only procedure to be considered, and when the patient is so fat that 
identification of the various nerves would be tedious and perhaps uncer- 
tain, vulvectomy provides the quickest solution of the problem. 

SUMMARY 

The anatomy of the sensory nerr^es of the perineum is described. 

The operation of neurectomy of the sensory nerves of the perineum 
is described. 

Fourteen cases are considered in which this operation has been 
performed for irritative lesions of the vulva. 

The number of cases and the length of time they have been observ'ed 
do not permit an opinion as to the permanence of the relief afforded 
by the operation. Nevertheless, it is recommended as the primar}- treat- 
ment in such cases, unless there is any suspicion of malignant change, 
or the patient is so obese that neurectomy would be difficult and 
uncertain. 



ACUTE ABDOMINAL SYMPTOMS IN ARACHNIDISM 
CHARLES BRUCE MORTON, M.D. 

UXIVERSIT\% VA, 

Several cases of arachnidisni, a clinical s_vnclronie clue to the bite of 
the “black widow” spider, the Latrodectus niactans, seen recently at the 
University of Virginia Hospital presented abdominal symptoms of great 
severit}’. If the true condition had not been recognized, exploration 
of the abdomen for an acute surgical abdominal emergency might have 
been 2 'eadil 3 ' undertaken. The ease with which this confusion might 
occur — witness the reports of several such patients subjected to opera- 
tion elsewhere — and the apparent lack of consideration given tiie subject 
in the surgical literature suggested this resume of arachnidism with 
particular reference to its abdominal manifestations. 

The first case af arachnidism that came to my attention, case 1 of 
the series reported herewith, was not seen until the symptoms had com- 
menced to subside, and the diagnosis was not made until several weeks 
after the patient had been discharged from the hospital. The diagnosis 
was made at that time through a conversation with a surgeon ^ in a 
neighboring city. He described the case of a man who had been sent 
to him a short time previousl}' for operative treatment of a suspected 
perforation in a peptic ulcer. He felt that the symptoms and signs 
were not entirel}' typical and asked a medical consultant to see the case 
with him. The internist suspected arachnidism and elicited the fact that 
the patient had been bitten by a spider a few hours previousljc Had 
this diagnosis not been made, the patient would have been subjected to 
an explorator}^ laparotomy for the suspected perforation of a peptic 
ulcer. 

After hearing the symptoms and signs of this case described, I 
reviewed the history of case 1 and found them to be almost identical. 
With this background, it was not unduly difficult to make the correct 
diagnosis in the subsequent cases of the series reported herewith. In 
fact, case 2 created so much interest that the intern staff made the 
diagnoses in the later cases and admitted the last two patients, not to the 
surgical wards as candidates for operation, but to the medical wards for 
teaching purposes. 

REPORT OF CASES 

Case 1.— C. L. S., a white man, aged 29, was admitted to a private room in tlie 
University of Virginia Hospital at 7 p. m. on Oct. 10, 1930. He complained of 


1. Bigger, I. A.: Personal communication. 
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ratlicr severe lain in ilie alxluinen lie lia<l awakened at 5 a. in. witli a .sliRhl 
tinplini; pain in the left iii'plite.il He had not noticed any swelliiiR or 

redness at tlie site. Tlie pain had gradually radiated np the left leK to tlie 
serotnm and the left izroin. In a short time he had keen seized with excruciatingly 
severe, erainplike pain thronehont the ahdonien and toward the region of the left 
kidney. He had eonsnlteil his f.nndy physician, who had suspected renal colic 
and had administered morphine hy hspodermic injection. He had been slightly 
relieved, lint the cramplike pains hail persisted, with exacerbations at intervals 
of three or four minntes, tbronghont the day. Because of the persistence of the 
I'ain. the iiatient had consulted another plis Rician, who sent him to the hospital and 
asked me to setj him in mnsnltation 

.■\t that time a careful rc\ iew of the history revealed nothing additional of 
positive value. There was no knowledge of any recent blow, injury or insect bite. 
There had been no urinary symptoms, no nausea or vomiting, and the bowels bad 
moved normally that morning. 

Examination revealed a well nourished voimg man in obvious pain, restless 
and somewhat anxious looking. His temperature was 90.6 F. by mouth ; the pulse 
rate was 52 per minute, and his respiratory rate, 36 per minute. His respirations 
were rather shallow and somewhat labored. The blood pressure was elevated. 
There was no evidence of redness, swelling or beat and no pain or tenderness in 
the popliteal space, the left thigh, the groin or the scrotum. The abdomen was 
slightly tender throughout, and there was marked rigidity of the abdominal 
muscles, which felt boardlike. There was a little tenderness in the region of the 
left kidney. There seemed to be no abnormality of the muscle or tendon reflexes. 
Repeated urinalyses failed to demonstrate white or red blood cells, and there was 
no sugar or albumin in the urine. The leukocytes numbered 14,000 per cubic 
millimeter of blood. 

Xo definite diagnosis was made. The perforation of a peptic ulcer was con- 
sidered, but there was something indefinable about the consistency of the abdomen, 
which taken in conjunction with the absence of nausea and vomiting, the slow 
pulse rate, and the peculiar onset of the symptoms did not seem consistent with 
this diagnosis. Because of the pain in the left leg and the region of the left 
kidney, the tentative diagnosis of renal colic was made and continued careful 
observation advised. 

The next morning the patient’s pain had subsided to a considerable degree, 
and the tenderness and rigidity of his abdomen were scarcely perceptible. His 
temperature was normal, and the leukocytes numbered 12,500. Later that day he 
felt well enough to go home, and was allowed to do so. 

For a few days he was followed by the medical consultant as an office patient, 
and repeated urinalyses still failed to reveal any abnormal findings. Five days later 
a small, slightly indurated area was palpable in the left popliteal space. It soon 
disappeared, however. The patient’s history was filed under “no diagnosis.” As 
previously mentioned, the diagnosis of arachnidism was not realized and made until 
several weeks later, after hearing the history of a case from a surgeon of another 
city. 

Case 2. — T. D., a white man, aged 21, was admitted to the surgical ward 
service of the University of Virginia Hospital on Sept. 20, 1931, at 3 : 30 p. m. 
He complained of severe pain in the abdomen. He had arisen that morning feeling 
perfectly well, had eaten fried ham, bread and coffee for breakfast at about 
9 a. m., and then had gone to an outhouse toilet and had a normal bowel movement. 
While there he had not been conscious of anything like the bite or sting of an 
insect. Half an hour later he had started out of his house but had been seized 
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suddenly witli such a severe pain in the lower part of his abdomen on the right 
side and extending to the right groin that he had gone back into the house to lie 
down. The pain had increased so much that he had called his familj' physician, 
who administered morphine h}'podermicalh'. The pain had persisted, and the 
phj-sician had sent the patient to the hospital because he suspected some acute 
intra-abdominal disease that necessitated surgical treatment. There had been 
nausea but no vomiting. There had been no urinary symptoms or chills. 

Immediate!}' after the patient entered the hospital, e.xamination revealed a well 
nourished, healthy looking young man apparently suffering considerable pain. His 
temperature was 99 F, by mouth ; his pulse good and its rate 104 per minute, and 
his respirations were 24 per minute. Physical examination gave essentially 
negative results, except for the abdomen, which was slightly tender throughout 
and quite rigid. The rigidity was boardlike in character throughout, though a 
little more marked on the right side than the left. All muscle and tendon refle.xes 
were normal. The leukocytes numbered 10,200, and examination of the urine 
revealed no abnormality. Four hours later the patient’s temperature was 100 F. 
by mouth, and the leukocytes numbered 13,500. The pulse was of good quality, 
and its rate was only 70 per minute. In spite of the failure to elicit the history 
of a spider bite, I made the diagnosis of arachnidism and advised symptomatic 
treatment rather than the e.xploratory laparotomy which had been previously con- 
sidered. 

The patient’s subsequent course proved the wisdom of this decision, for his 
symptoms gradually subsided and the ne.xt day he was sufficiently well and com- 
fortable to go home. At that time his leukocytes and temperature were normal. 
Some days later his local physician reported that the man was entirely well and 
apparently none the worse for his experience. 

Case 3. — N. E. D., a white man, aged 55, the father of T. D. (case 2), was 
admitted to the surgical ward service of the University of Virginia Hospital on 
Sept. 29, 1931, at 9 : 00 p, m. He complained of pain in his abdomen, legs and back 
of about twelve hours’ duration. At 7:00 a. m. he had gone to the same outhouse 
toilet as that visited a week previously by T. D. (case 2), and while there felt a 
sharp, needle-like sting on the right side of his scrotum. He had not seen what 
stung him and had not given the incident any further consideration. About two 
hours later, however, he had felt pains in both knees which had radiated up the 
thighs and localized in the abdomen and back. The abdominal pain had been quite 
severe and accompanied by nausea and vomiting. He had been most comfortable 
when lying down with the thighs flexed on his abdomen. During the day the pain 
had increased in severity, and he had called a physician to see him. The physician, 
w'ho was not the same one who had attended his son, sent him to the hospital for 
surgical consideration. 

Examination revealed a well nourished, elderly-looking man apparently suffer- 
ing considerably. His temperature was 101 F. by mouth, the pulse rate 80 and the 
respiratory rate 24 per minute. His systolic blood pressure was 140 and the 
diastolic 75 mm. of mercury. The only abnormal physical findings were a small 
erythematous spot about 1 cm. in diameter on the right side of the scrotum and 
slight tenderness throughout the abdomen with very marked rigidity of the 
abdominal muscles. His leukocytes numbered 16,200, but urinalysis rev'ealed no 
abnormal findings. The intern house officer who admitted the patient to the 
hospital made the diagnosis of “arachnidism.” 

The patient improved rapidly, though he suffered from a rather severe and 
persistent headache. All his symptoms disappeared so that he was able to go home 
thirty-six hours after the time of his admission to the hospital. 
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Cask H.. n Xcpro. aijcd a1. was admitted to tiic surgical ward service 

of the University of \'irginia Hospital on t)ct. 12, 1931. He complained of 
severe pain in his abdomen of about twelve hours’ duration. His symptoms, signs 
and physical and lalxiratory I'lndings did not dilTer in any essential respect from 
those recounted in the lirst three cases, except that he had seen and felt a spider 
bite him. During the night he had visited an outhouse toilet, and just taken his 
seat when he felt a sharp sting on the foreskin of the right side of the penis. He 
had a flashlight with him. and when he illuminated the painful area he saw “a 
black spider with long legs and red spots on his body’’ clinging to the skin. The 
abdominal pain had commenced an hour or two after the spider bite had occurred. 

Case 5. — E. B.. a white youth, aged 18. was admitted to the medical ward 
service of the University of \'irginia Hospital on Xov. 18, 1931. He complained 
of severe abdominal pain of seven hours' duration. He had been awakened at 
5 a. ni. by the pain and had no knowledge of a previous insect bite. All the 
features of this case were practically identical with those of the previous four 
cases so they will not be detailed further. 

C.\SE 6. — -J. L. G., a white man, aged 35, was admitted to the medical ward 
service of the University of Virginia Hospital on Xov. 25, 1931. He complained 
of extremely severe cramplike pain in the abdomen of ten hours’ duration. About 
an hour before the onset of the pain he had felt a sting of some sort on the right 
wrist while loading rocks on a wagon from a rock pile. The symptoms and 
abnormal findings characteristic of the previous five cases were found in this 
instance too, so that the details will not be repeated. 

COMMENT 

The most striking feature of all the cases was the relative ease with 
which the correct diagnosis could be made, even without the histora' 
of the bite of a spider, if the condition were borne in mind, but like- 
wise the ease with which the mistaken diagnosis of an acute surgical 
intra-abdominal disease such as perforated peptic ulcer might be made 
if one were not familiar with the symptoms and signs of arachnidism. 

The outstanding symptom in each case was the severe and usually 
cramplike abdominal pain, while the most prominent physical abnor- 
mality was the extreme boardlike rigidity of the abdominal musculature. 
Regarding the pain in the abdomen, it is important to note that in most 
of the cases there was an associated pain or ache in the muscles of the 
thighs or the back. Concerning the rigidity of the abdominal muscles, it 
is important to note that the tenderness was much less marked than that 
usually accompanying the rigid abdomen of a perforated peptic ulcer 
or appendix. 

Arachnidism is characterized by the acute onset of severe pain within 
from a few minutes to an hour or more after the bite of a spider has 
occurred. Not infrequently the patient is not conscious of having been 
bitten at all. The characteristic progress of the pain from the site of the 
bite to the abdomen is often overshadowed by the severit)' of the abdomi- 
nal pain and ignored or forgotten by the patient. The pain may actually 
commence in the abdomen and remain localized there, though in such a 
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case ft usually does radiate to the back or down the thighs, especially 
during the subsidence of the most acute symptoms. Nausea and vomit- 
ing frequently occur. There is characteristically an elevation of the 
patient’s temperature to from 99 to 101 F. with an accompanying leuko- 
cytosis of from 12,000 to 20,000. The patient’s pulse rate is usually 
elevated slightly, but in two of the cases of this series it was lower than 
normal. The blood pressure is usuall}' elevated. Apparently, rigidity 
of the abdominal muscles, usuall}' boardlike in character, is present in 
all cases. Palpation, however, reveals less tenderness than would be 
expected to accompany the rigidity. Morphine administered by hypo- 
dermic injection will relieve the pain partially though not entirely, but 
the rigidit}' of the abdominal muscles will not disappear after its use. 

This summar}' of the s3’ndrome shows how closel}'^ it may simulate 
an acute abdominal disease necessitating immediate surgical intervention. 
At a recent meeting of one of the prominent national surgical societies, 
a paper dealing with acute abdominal disease was read. During the 
discussion of the paper, a well known surgeon - mentioned a group of 
cases that he said alwa3’S puzzled him greatly. He described two cases 
as t3'pical examples. In each of them the symptoms, signs and labora- 
toiy findings were similar to those of arachnidism. In each instance the 
abdomen had been explored but nothing abnormal found except for an 
apparent spasm of the entire intestinal tract. For lack of a more satis- 
factor3' explanation he had ascribed the symptoms and signs to “entero- 
spasm” of unknown origin. In some subsequent cases he had found 
that the administration of atropine hypodermically would relieve the 
symptoms. This was learned too late to tr3’^ it in an3’’ of the cases of 
arachnidism of this report. Dr. Br3'an has subsequentl3’ told me that 
he believes arachnidisnr to be ver3' unlikel3' as the cause of the acute 
abdominal s3'mptoms in at least some of his cases of “enterospasm.” 

While arachnidism has been discussed frequentl3' and man3" cases 
have been recorded in the literature, I have found no reference to the 
S3mdrome in textbooks or periodicals devoted to surger3’'. In man3' of 
the recorded cases, hon'm^er, the patient has been subjected to operation 
under a mistaken diagnosis. 

A very comprehensive review of the literature' was made by Bogen ^ 
in 1926. He added -fifteen cases to those alread3’’ reported and made 
several interesting observations. Apparentl3’’ the age and sex incidence 
is unlimited. Some patients came from large cities while others dwelt 
in the countr3c Most of the bites occurred in the evening or early 
morning in the summer or earl3’^ autumn. 

2. Bryan, W. A. ; Personal communication. 

3. Bogen, Emil: Arachnidism: Spider Poisoning, Arch. Int. Med. 38:623 
(Nov.) 1926. 
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Bogcii stated tliat tlic Latrodcctiis niactans, frequently called the 
“black widow." is the chief and perhaps the only really poisonous spider 
in the United States. It has been found in almost all sections of the 
United States. 

The following description is taken from his article: 

Latrodcctii.s M.actnn? is a shiny, coal black spider, usually brilliantly marked 
with red or yellow or both. The female, which is always the one responsible 



Fig. 1. — Female Latrodectus mactans caught beneath kitchen porch overhang- 
ing outside stairs to basement, Charlottesville, Va. (Hindmost left leg is missing.) 

for the bites reported, is often a half inch in length when fully grown, and may 
stretch its slim, glossy, black legs over as much as 2 inches (5 cm.) [fig. 1]. The 
markings vary greatly, the most constant being a bright red patch shaped some- 
what like an hourglass, on the ventral surface of the abdomen [fig. 2], The 
globose abdomen, much larger than the cephalothorax, resembles a black shoe 
button, although it may have one or more red spots along the middle of the back 
and over the spinnerts, in addition to the ventral patch [fig. 3]. The male is 
much smaller than the female and is even more conspicuously marked, having 
four stripes along each side of the abdomen, in addition to the marks of the 


Fig. 2. — Female Lafrodectus macfans, ventral aspect, showing "hour-glass,' 
scarlet marking. (Outlined in white for clearer depiction.) 



Fig. 3. — Female Latrodectus mactans, showing scarlet spot just cephalad to the 
spinnerts. (Outlined in white for clearer depiction.) 
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female. The yoiiiif; spi<lers are miicli lighter in color, gradually donning the 
glossy, black coat in a series of nionlts over about forty days. 

The black widow, as it is called from its custom of eating its mate, is usuall}' 
found alone, as it will engage in mortal combat with any other spider placed near 
it. It builds a coarse and irregular dark web in dimly lighted places where it 
may be undisturbed. Occasionallj it is found under stones or pieces of wood or 
in holes in the ground, in old stumps or bushes, more often in the rafters and 
corners of little used buildings, in the basements and attics of unfrequented 
houses, and in the dark corners of barns and other outbuildings, and it has been 
frequently seen in outdoor toilets, where it builds its web across the seat of the 
toilet. 

More than 150 cases of poi.sonous spider bites have been reported bj- thirty- 
three physicians in the United States during the last century. In several instances 
the patient was operated on by mistake for an acute appendicitis or other acute 
surgical abdominal disease, while biliary or renal colic, acute pancreatitis, ruptured 
gastric ulcer and various forms of poisoning were suggested in others. 

Bogen, whose bibliography included 462 references, concluded that 
“arachnidism or spider bite poisoning is a true clinical entity' in the field 
of general medicitie. ’ I might add that this clinical entity ma}* be 
important to consider in the differential diagnosis of acute surgical 
abdominal disease. 

SL'.M M.\RY 

Six cases of arachnidism, poisoning from the bite of the Latrodectus 
mactans, or “black widow” spider, were reported. In some instances the 
spider bite had occurred without the patient’s knowledge. The cases 
were characterized by the acute onset of very' severe abdominal pain, 
usually nausea and vomiting, boardlike rigidity of the abdominal muscles 
with more or less tenderness and elevation in the patient’s temperature 
and leukocytes. Attention was called to the ease with which the 
mistaken diagnosis of acute surgical abdominal disease might be made 
and the patient subjected to an unnecessary' exploratory' laparotomy'. A 
previous comprehensive review of the literature by' Bogen was briefly 
alluded to, including his statistics of the incidence of the disease and 
his description of the spider and its habitat. The importance of 
arachnidism as a clinical entity to be considered in the differential diag- 
nosis of acute surgical abdominal disease was stressed. 



LIGATION OF THE SAPHENOUS VEIN 

j\ REPORT OX TWO IIUXDRED AMUVLATORY OPERATIONS 

G£ZA de TAKATS, V.D. 

AND 

LAWRENCE QUILLIN, M.D. 

CHICAGO 

PREVIOUS LITERATURE 

In a previous communication one of us (Dr. de Takats ’) advocated 
ligation of the saphenous vein for certain types of patients afflicted 
with varicose veins. The operation was described as an ambulatory 
procedure to be used in combination with injection treatment. Since 
that time we have been able to perform this operation on one hundred 
and fifty more patients, and are now presenting a report on the total 
of two hundred cases, describing the indications and contraindications, 
the statistical data of our material, the technic, postoperative course and 
complications and the results and recurrences. 

Celsus,- in his books on medicine, described an operation for varicose 
veins as follows : 

The skin over tlie vein being incised, the edges are taken up by a small hook 
and the vein is drawn apart on all sides from the body; and it is guarded against 
lest among these things themselves, it may be injured. And a blunted little hook 
is placed under, and about the same space being placed between (four fingers), the 
same is done in the same vein ; whither it may tend is known easilj', the little hook 
being extended. When the same has been done in whatever part varices are, the 
vein being drawn in one place by a little hook, is cut off; afterward in what 
part the next hook is, it is drawn and pulled out and there again is cut off. And 
thus on all sides the leg being freed from varices, then the edges of the wounds 
are closed together and an agglutinating plaster is cast on over. 

Obviously, multiple excision of small segments of vein were made, 
but no mention is made of cautery or ligature to stop bleeding. Inter- 
esting notes about the etiology and operative treatment of veins are 
found in Ambroise Fare’s work, published in 1579: 

The matter of them is usually melancholy blood, for varices often grow in men 
of melancholy temper and which usually feed on grosse meats or such as breed 

From the Peripheral Circulatory Clinic of the Department of Surgery, 
Northwestern University Medical School. 

1. de Takats, Geza : Ambulatory Ligation of the Saphenous Vein, J. A. kl. A. 
94:1194 (April 19) 1930. 

2. Celsus, A. C. : De medicina libri octo, Lugduni, Apud J. Tornssium & G. 
Gazeium, 1554, book 7, par. 31. 
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grossc and niclnnclioly Immotirs. AK.. wonicn with child are commonly troubled 
with them In- reason of the keepme; togetlicr of their suppressed menstrual 
evacuation. It is best not to meddle with such as are inveterate; for of such being 
cured there is to he feared a rcilux of the melancholy blood to the noble parts, 
whence there may be imminent dancer of maligne ulcers, a cancer, madnesse or 
sufTocation. 

Parc advocatcfl tying tlie vein below the knee. The last two com- 
plications suggest a frequent occurrence of sepsis and pulmonary 
embolism, although the idea that the varicose blood was dangerous 
had already been expressed by Hippocrates. The formation of varicose 
veins was thotight to be an effort of nature to sidetrack the deleterious 
humors that might otherwise cause madness, etc. This opinion was 
Itanded on intact until the discover}- of circulation. 

W. Turner Warwick ' gave an excellent description of the gradual 
evolution of the mechanical theory as ejpposed to the humoral theory 
of Hippocrates. The mechanical theory of varicose veins was the con- 
sequence of Harvey’s theory of circulation, and the importance of valves 
was gradually recognized. 

So far as can be ascertained. Home ^ in 1801 practiced ligation of 
the saphena magna at the level of the knee, with the view of cutting 
off the column of blood from ulcers. “Within a few hours after the 
vena saphena has been taken up the symptoms disappear and the patient 
is led to take notice of the distress it before gave him and to explain 
the sense of the suddenness of its removal.” The operation was con- 
demned because of the frequent occurrence of sepsis. Brodie, cited 
by Warw'ick = in his lectures on “Surgery and Pathology,” appreciated 
the value of Home’s procedure, but he tried other measures of inter- 
rupting the continuity of the vein. He tried open division with a 
compress, whereas Colles devised a vein truss, and Velpeau a pin 
which passed underneath the vein with the two ends tied together 
above it. 

This was the status of vein ligation when Trendelenburg,® in an 
aseptic era, revived the theory of reflux and established the operation 
on a rational basis, stating that the vena cava, the iliac vein and the 
trunk of the femoral vein below Poupart’s ligament usually have no 
valves, and that if the saphenous valves become incompetent a single 
wide tubular system exists from the heart to the ankle. He also pointed 
out that the variations of intra-abdominal pressure would be trans- 

3. Warwick, W. Turner; The Rational Treatment of Varicose Veins, and 
Varicocele, London, Faber & Faber, Ltd., 1931. 

4. Home, Everard; Ulcers on the Legs, London, W. Buhmer & Company, 
1801. 

5. Trendelenburg, Friedrich; Ueber die Unterbindung der t'ena saphena 
magna bei Unterschenkelvarizen, Beitr. z. klin. Chir. 7:195, 1891. 
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niitted to the saphenous system. To protect this system, he advised 
saphenous ligature about 3 inches (7.6 cm.) above the knee. Later 
Perthes, from his clinic, emphasized high ligation at the saphenofemoral 
junction, as in seven of the seventy-eight cases collaterals developed 
above the ligature. 

The end-results of Trendelenburg’s operation were not encouraging. 
There were from 22 to 72 per cent recurrences reported,^ so that the 
method, practiced alone, fell gradually into disrepute. In addition, the 
percentage of fatal embolism following this operation was estimated 
from a large personal series of Bernsten as 0.7 per cent. This 
astonishingly high percentage of embolism has kept many surgeons in 
constant fear of vein ligations. In reading the description of Trendelen- 
burg’s operation, we find that following vein ligation, the patient’s legs 
are bandaged from the ankle to the site of ligature, and are splinted 
and immobilized for three weeks. These procedures, we fear, are not 
the proper measures to combat embolism, but are important factors in 
producing it. 

On analyzing our results with the injection treatment for varicose 
veins,® we found a definite percentage of recurrences, which were due 
to recanalization of the obliterated veins because of an uninterrupted 
reflux from the proximal segments of the saphenous vein. Therefore, 
ligation of the saphenous vein was introduced as an adjunct to the 
injection treatment, preventing backflow, serving as a barricade to 
ascending phlebitis and reducing materially the number of necessary 
injections,^ The combination of injection treatment with vein ligation 
was not new ; Tavel," Schiasis ' and Moszkovicz ® advised such a pro- 
cedure. However, no emphasis has been laid on the importance of the 
ambulatory type of ligation. Aside from the economic aspect of 
saving the patient hospital e.xpenses and permitting him to continue 
work after two days, we hope that the danger of embolism may be 
obviated or reduced to a minimum in the ambulatory' patient. 

No smaller authority than Theodor Kocher ^ had his patients get up 
the second day after a high saphenous ligation, which he combined 
with multiple percutaneous ligatures of Schede; sometimes as many 
as two hundred ligatures were employ'cd on one patient. Such patients 
were allowed to get up the second day and were discharged on the 

6. de Takats, Geza, and Quint, Harold: The Injection Treatment of Varicose 
Veins, Surg., Gynec. & Obst. 50:545 (March) 1930. 

7. Cited by Sicard, J., and Gaugier, L. : Le traitement des varices par la 
methode sclerosante, Paris, Masson & Cie, 1927. 

8 Moszkovicz, Ludwig: Behandlung der Krampfadern mit Zuckerinjektionen 
kombiniert mit Venenligatur, Zentralbl. f. Chir. 54:1732 (July 9) 1927. 

9 Kocher, Theodor: Vereinfachung der operativen Behandlung der Varizen, 
Deutsche Ztschr. f. Chir. 138:113 (Nov. 1) 1916. 
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liflh d»i\ . In our series not one pnlicnt, ^vhetl^cr n disj)cnsnrv or a 
private patient, lias lieen Iiospitalized, and in the two hundred patients 
we have not observed a sinitle emliohsin or jiulmonary infarct. 

iN'mc.xTiox.'; .\xn coNTK.\i.\nic.\Tioxs 

1 he jireliininary report lias already slated ’ that when the long 
saphenous vein is visible or palpable above the lower third of the 
thigh, the ligature is jireferred to injections at this level. It is, of 
course, jiossible to make injections into the sajihenous vein above this 
point or even just below Poupart's lig.anient and produce an obliteration 
of the vein, but there are several rea>ons wliv to us an aseptic ligature 
seems more advisable in such cases. Fir'-t. injections are sometimes 
impossible above the middle of the thigh, liecause the vein dips deeper 
and deeper in the subcutaneous fat and may not be palpable at all 
in spite of existing valvular incompetence. In such patients, if injec- 
tions arc made at a lower level, an ascending thrombosis will make 
the previously unrecognizalile vein sufidenly manifest and palpable to 
the saphenofemoral junction. This pro,gressive, ascending thrombus 
has none of the characteristics of the thrombus produced at the site 
of local intimal irritation. It is a stagnation thrombus (static thrombus 
of Aschoff), and is soft, friable and hardly adherent to the wall. Given 
the other possibility, that the vein is widely patent to its junction with 
the femoral vein and injections can be made into it, clots of formidable 
size, which have been seen to attain 5 cm. in width (fig. 1) 
cannot be regarded as harmless. The frequently expressed idea of 
iMcPheeters,^'’ that embolism is not to be feared because of the reversed 
flow of blood in the varicose vein, refers only to the upright position; 
certainly in the horizontal position the pressure in the veins of the 
extremities is negative. 

An equally important reason for advocating ligature of the saphen- 
ous vein at high levels is frequent canalization of thrombi if the back- 
pressure of blood is permitted to persist. It was with the idea of 
diminishing the incidence of recurrences that the ambulatory vein liga- 
tion was proposed. The backpressure in previous measurements was 
as high as 210 cm. of water. “ Our idea has been corroborated and 
extended by convincing histologic evidence through the significant work 
of Howard, Jackson and Mahon.^- They reported the strikingly high 

to. MePheeters, H. O. : V aricose Veins, ed. 3, Philadelphia, F. A. Davis 
Company, 1931, p. 71. 

It. de Takats, Geza; Quint, H. ; Tillotson, I. T., and Crittenden, P. J. . The 
Impairment of Circulation in the Varicose Extremity, Arch. Surg. 18:671 (Feb.) 
1929. 

12. Howard, M. J. ; Jackson, C. R., and Mahon, E. J. : Recurrence of Varicose 
Veins Following Injection: A Study of the Pathologic Nature of the Recurrence 
and a Critical Survey of the Injection Method, Arch. Surg. 22:353 (March) 1931. 



76 


ARCHIVES OF SURGERY 


incidence of 79 per cent recurrences caused by recanalization. That a 
totall)' occluding superficial thrombophlebitis may result in a recanaliza- 
tion of the vein has been seen in five personally observed cases. The 
double ligature with excision of a segment of at least 3 cm. in length 
is a permanent block, although a possibility of a “detour” will be dis- 
cussed later. 

In the first communication it has also been stated that the average 
number of necessary injections following ligation could be reduced 
from twent 3 '-one to six. The same obserr'ation could be made in the 
present larger series. 

Another indication for tying the saphenous vein has been an ascend- 
ing thrombosis of a spontaneous phlebitis if one is able to ligate above 
the thrombosis. We have recognized this indication in five cases of 
acute ascending thrombophlebitis. The ligature not only acts as a 
barrier to the distal clot, but seems to alleviate the pain bj' removing 
the tension of backpressure from the inflamed vessel. These patients 
have not been strictly ambulatory, as they have been admitted to the 
hospital and kept in bed for a few days. However, as soon as the 
fever and pain subsided, the^' were allowed to get up, and they were 
home on the fourth day. In addition, other measures were used to 
hasten absorption of the periphlebitic exudate, the discussion of which 
is not within the scope of this paper. 

The contraindications to ligation of the saphenous vein are few and 
definite. In the first place, if the venous dilatations are present only 
below the knee and the long saphenous vein is not palpable even at the 
level of the inner condyle, the operation is not necessary. Secondly, if 
there are multiple incompetent anastomoses between the deep and the 
superficial system, a high ligature of the saphenous vein will not pre- 
vent the inflow from the deep veins. In such patients an attempt may 
be made to make multiple ligations of the incompetent anastomoses. 
For such multiple ligations we prefer to admit the patient to the hos- 
pital for twenty-four hours, just for his com'fort, but not with the 
idea of immobilizing him for anj' length of time. If there are too 
many incompetent valves, a high ligation followed by excision and 
stripping is our method of choice.® 

Thirdl}’, the vein ligation is not indicated if a deep venous block 
is present. Men of great experience in this line, such as McPheeters, 
have stated that they have never seen a lack of patency in the deep 
vein. It is, of course, well known that a clot in the deep veins becomes 
permeable after a certain length of time either by a true canalization of 
the thrombus or b}' a reestablishment of circulation through short 
collaterals and the vasa vasortim. Nevertheless, following a deep 
venous thrombosis, a certain degree of venous insufficiency persists, 
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and tlie ligature of a ci>iniHMisaii>rv dilatation does not seem logical. 
It may not aggravate the edema, hut it will hasten the development of 
other collaterals. One must also consider the effect of old canalized 
thromhi on the important femoral valve at the level of Potipart’s liga- 
ment. which protects the limh frfim hackpressure. 

G. P.. aged -16, had a left-sided deep thrombophlebitis following 
childbirth. 1 wenty-six years later she was seen with a tortuous long 
saphenous vein, into which a large anterolateral branch emptied. The 
1 rendclenhurg test gave a positive reMiIt. The Perthes test showed 
dec]) patency. There was no edema. .\ high ligation of the saphenous 
vein was pertormed. and multiple injections were made into the thigh 
and calf distally to the ligation. The patient made an uneventful 
recovery: at the time of her discharge ail the veins were obliterated. 
1 here was no edema. One month later, the vein into which injections 
were made was iirniK- obliterated, but a new large channel was visible, 
running parallel with the original vein. The vein started from above 
Poupart's ligament and was obviously not an overlooked saphenous 
branch. We have interpreted this recurrence as the result of increased 
venous pressure in the deep veins, which opened up new superficial 
veins. 

To sum up. then, ligation of the saphenous vein is indicated; (1) in 
valvular incompetence of the long saphenous vein aboc'e the lower third 
of the thigh, (2) in valvular incompetence of the anastomotic branches, 
if they resist injection treatment and (3) in ascending thrombophlebitis 
of the saphenous vein. 

The operation is contraindicated: (1) when the vein is not involved 
above the knee, (2) when there are multiple incompetent valves in the 
communicating branches which cannot all be ligated and (3) when 
there is evidence of insufficient deep venous return owing to an old 
deep phlebitis or a deep valvular insufficiency. 

TECHXIC OF .•\1IBULAT0RY VEIN LIGATION 

It would hardly seem necessary to describe a simple vein ligation in detail. 
Isevertheless, there are a few minor details that are significant because the opera- 
tion is performed on ambulatory patients. The operations were done in a sterile 
operating room either at the hospital or in a perfectly equipped operating room of 
the surgical dispensary, with all necessary precautions such as masks and 
mouth pieces covering the nose. In the standing position the course of the vein is 
marked out with a 2 per cent solution of brilliant green. The skin is shaved diy 
just before the operation and prepared wdth ether, iodine and alcohol. The line 
of incision in high saphenous ligations runs about a bandwidth distally and 
parallel to Poupart’s ligament and should start mesially to the palpable femoral 
arteiy. Naturally, if the vein is palpable at this level, a shorter incision of from 
3 to 4 cm. is sufficient. Generally we prefer transverse incisions, because thus 
some of the accessorj' saphenous branches are caught and tied. However, if a 
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longer segment of vein should be excised with its insufficient anastomotic branch, 
a longitudinal incision is more useful. 

The line of incision is infiltrated with O.S per cent procaine hydrochloride with 
3 drops of 1 : 1,000 epinephrine to each ounce (fig. 1). Only a superficial sub- 
cutaneous infiltration is made, and repeated aspirations are made for blood. Because 
of the ^dcinity of the large vein, care must be taken not to inject any procaine 
hydrochloride intravenously. In one patient, as reported in our previous article,^ 
only a few drops of procaine hydrochloride were sufficient to produce pallor, 
tachycardia and numbness of the lips and fingers. The toxic effects wore off in 
a few minutes, but illustrate the necessity of extreme care in this region to avoid 
intravenous injection. 



Figure 1 Figure 2 


Fig. 1. — Ligation of the right internal saphenous vein. A week later a massive 
clot was palpated above the knee. The left side has not been treated. 

Fig. 2. — The course of the vein is outlined in the standing position at the 
highest palpable point with a 2 per cent aqueous solution of brilliant green. Five- 
tenths per cent procaine hydrochloride solution with 3 drops of epinephrine, 1 : 1,000, 
is used to infiltrate a transverse line of incision. Beware of intravenous injection! 

After waiting about five minutes for a complete anesthesia, incision is made 
through the skin and subcutaneous fat. In some patients a strong tortuous anterior 
branch lies immediately under the skin and needs no further exposure. This, 
however, may not be the main trunk, but a collateral from the superficial epigastric, 
overcoming a previous iliac block. At this high level (three fingerbreadths below 
Poupart’s ligament) the main trunk lies below the superficial fascia and has to be 
exposed at a depth of from 2 to 4 cm., or sometimes even more. When the main 
vein is exposed, a perivenous injection is made on both sides of the vein as traction 
on the perivenous sympathetic fibers produces pain (fig. 2). A curved artery forceps 
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or aneurj'sni needle armed with no. 1 chromic catgut is insinuated under the vein 
twice (fig. 3). The two ligations are tied at a distance of 3 cm. or more, and the 
segment of vein is well lifted up to detect communicating branches from the deep 
veins, which should also be carefully tied as they may produce a profuse hemor- 
rhage (fig. 4). It is important to place the proximal ligature as close to the 
femoral junction as possible, leaving a verj- short stump. As an added precaution 
a second ligature may be applied to the proximal stump, as considerable pressure 
is exerted on it in the ambulatory patient. 

The segment of vein is then removed, and it is used for bacteriologic study. 
Before the wound is closed the patient is asked to cough a few times to catch, if 



Fig. 3 . — A short transverse incision is made through the skin, the subcutaneous 
fat and, if necessary, the superficial fascia. When the vein is exposed, a few drops 
of procaine hydrochloride are injected around it. 



Fig. 4. — A curved artery forceps, carrying a number 1 chromic catgut ligature, 
is passed under the vein. The vein is lifted up, and another ligature is placed at 
least 1 inch proximal to the first one. The proximal ligature should be close to 
the saphenofemoral junction. 


necessary, additional bleeders. No sutures are placed in the subcutaneous fat, and 
the skin is closed with interrupted dermal sutures. The skin around the incision is 
now painted with a' mastic solution,’^^ and the gauze is stuck to the skin with the 
solution (fig. 5). In ambulatory patients who perspire freely, sweat and dirt 
cannot be kept away from the incision with the usual adhesive tape bandage. This 
solution, which one of us has used exclusively since 1914 in all aseptic operations, 
keeps the skin around the incision dry and protected. We strongly emphasize its 

13. Gum mastic, 40 Gm., benzene, 60 cc., castor oil, 20 drops; then add sufficient 
M. Sc. 184:57 (July) 1932. 
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use here, particularly in dispensary patients, who sometimes return with soiled 
and slipped dressings. 

The patients return for inspection in forty-eight hours, and the stitches are 
removed on tlie eighth day. They are asked to stay away from work for the first 
two days and may return to work after the first inspection. They should not stay 
in bed during the day for any time. 



Fig. 5. — Both ligatures are tied. The segment of vein between the two ligatures 
is excised. No clamps are used at any time. 



Fig. 6. — The bleeding is accurately controlled. Interrupted dermal sutures 
approximate the edges of the skin. The skin around the line of suture is painted 
with a solution of mastic in benzene, and a layer of gauze is stuck to the skin, 
which produces a water-tight dressing. Elastic compression is applied on top. 

ANALYSIS OF MATERIAL 

Age, Sex and Previous Treatment . — This report is based on two 
hundred ambulatory vein ligations, performed on dispensary patients 

14. The operations were performed by Drs. Zimmermann, Jacques, Quillin and 
Quint, members of the Varicose Vein Clinic. 
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and in tlic private practice of tlic authors. The patients’ ages, classi- 
fied in decades, were as follows : 


Decades Kiiniljcr of Patients 

10-20 2 

20-30 30 

oO— -to (39 

40-50 58 

50-<50 34 

60-70 5 


200 

Ninety-five per cent of the patients were between 20 and 60 years 
of age, 1 per cent between 10 and 20 and 1 per cent between 70 and 80. 

There were ninety-four female and one hundred and six male 
patients, illustrating, as has been pointed out before, that at least in 
our material there is no feminine prevalence. 

As to occupation, all walks of life are represented, the majority 
of cases occurring in patients giving a history of long hours on their 
feet or hard manual labor in the upright position. 

The influence of heredit}-, studied in a previous report,® was again 
verj- striking. Particularly significant seems the obsen-ation that when- 
ever varicose veins are encountered in the young both parents were 
affected. 

The previous treatment of these patients was as follows: 

140 Had had no previous treatment 
3 -Had had surgical excisions (but no high ligation) 

8 Had worn Unna’s casts 
49 Had had injection treatment 

200 

Of the three surgical excisions, not one could be called radical, 
judging from the scars. The saphenous vein was not ligated below 
•Poupart’s ligament, and short scars were present on the calf and thigh. 
In the eight cases in which Unna’s casts had been applied for varicose 
ulcers elsewhere, the patients were not progressing rapidly and there 
was a marked reflux of blood from above. Of greatest interest are the 
patients who had had injection treatment elsewhere or from us. It is 
this group that made us realize that the number of recurrences, 
reported elsewhere as 10 per cent, should be reduced by ligation. These 
patients fall into two groups : one in which obliteration was never 
accomplished (in one case as high as fifty injections were given) and 
another in which early recanalization took place. In the private prac- 
tice of one of us, ligations in patients ivho had previously been given 
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injections became necessary seven times because of repeated recurrences. 
Since the ligations, recanalization has not occurred in this group. 

The postoperative disability was estimated as follows (all patients 
were told to take one da}' off following the operation) ; 


Number of Patients Disability 

161 None 

22 1 day 

8 2 days 

3 3 days 

3 4 days 

1 8 days 

1 9 days 


199 

An analysis of patients who were disabled for more than two days 
will be made in the section on complications. 

Complications . — One patient had a hemorrhage owing to the slipping 
of the proximal ligature. She was taken to a hospital, where the hemor- 
rhage was controlled. The patient made an uneventful recovery. In 
one patient a hematoma developed, which produced a serous discharge 
for nine days and then healed up completely. In one patient a wound 
infection developed on the fourth day; the abscess was opened. The 
patient was not hospitalized, and the wound healed in eleven days. 

One patient died of streptococcic septicemia. A wound infection 
developed in this patient, which was obvious on the fourth day, but for 
various reasons the patient could be hospitalized only on the tenth day, 
when he was admitted with a generalized streptococcic septicemia. 
Death occurred as a result of the infection. At autopsy no thrombosis 
of the proximal saphenous stump or of the femoral vein was found. 
Death occurred because of a surgical infection, which was localized 
but because of improper after-care resulted in a generalized infection. 

One patient, whose case was reported in our previous series, had a 
slight procaine hydrochloride reaction during the operation owing to 
an intravenous injection of the drug. The toxic symptoms disappeared 
within a few minutes. 

A tabulation of complications shows the following: 

Procaine hydrochloride reaction I 

Hematoma 1 

Postoperative hemorrhage 1 

Wound infection f 

Death from septicemia f 

We believe that all of these complications are preventable, at least 
to a minimum. They have not occurred in our private work. The 
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procaine hydrochloride reactions will not be encountered if frequent, 
careful aspirations are made for blood before the drug is injected. 
Hematomas can be reduced to a minimum if all tributaries are care- 
fullj" tied, if the patient is asked to cough or strain before closing the 
wound and if a tight pressure bandage is applied. Slipping of the 
proximal ligature occurred once; since that time, a double ligature has 
been placed on the proximal stump. Care must be exercised to leave a 
large enough segment of the vein distal to the ligature. The one death 
from septicemia was due to an initial surgical infection, which unfortu- 
nately still occurs in any large group of aseptic operations. It is probably 
unavoidable at the present time, although all operations were carried 
out under strict aseptic precautions, with masked head, nose and 
mouth. The measures that should be carried out, however, in all cases 
showing infection consist in immediate hospitalization, immobilization 
and hot wet dressings, with incisions when necessary. 

Secondary infection from the skin in these ambulatory patients is 
also a possibilit}'. W'e strongly emphasize the use of the glue, the 
mastic solution, which forms a watertight contact between the skin and 
dressing and prevents perspiration. 

Thrombosis Folloioing Vein Ligation . — Of the two hundred patients, 
sixty-five, an incidence of 32.5 per cent, showed a massive thrombosis 
distal to the ligature. Of this group, forty, that is, 20 per cent of the 
original two hundred, showed complete obliteration, which did not neces- 
sitate further injections. It seems obvious that it is in this group of 
patients who are cured after Trendelenburg’s vein ligation, although 
none of the older statistics bring out this point, that the patients who 
have a distal thrombosis following the operation are the ones who 
remain cured. It is because of the comparatively frequent occurrence 
of distal thrombosis that we do not advocate injections at the time of 
ligation, as they may not be necessarj' or they may even activate a 
resting infection.^^ 

The thrombosis following ligation may be purely static and aseptic, 
occurring in the form of a narrow, firm cord, with no inflammatory 
reaction around it, but more frequently it is accompanied by a massive 
periphlebitic exudate, which is hot and tender on pressure but does not 
lead to an elevation of temperature. Of the eight patients who were 
disabled more than two days, five belonged to this group. If the patients 
are given proper elastic support in the form of Unna’s paste boot or an 
elastic adhesive bandage, they are comfortable. They should not be 
put to bed, but should be encouraged to be up and around, as we think 
that the ambulatory ligation is our real safeguard against embolism. 

15. de Takats, Geza ; The “Resting Infection” in Varicose Veins, Am. J. 

Sc. 184:57 (July) 1932. 
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The thrombosis in the proximal stump is, of course, of even greater 
interest and has been carefully looked for in every case. The idea of 
some surgeons, that every vein ligation results in a massive clot proximal 
to the ligature, cannot be substantiated. If the vein is occluded with a 
ligature without first crushing it with artery forceps, the endothelial 
damage is small and nothing but a microscopic clot results. The classic 
experiment of Baumgarten, who showed that blood did not have to 
clot in the vein between two ligatures, should be recalled. If one could 
not tie a vein without the danger of embolism, surgeons would have to 
cease to operate entirely. 

Of the two hundred vein ligations, there was a palpable clot in the 
proximal stump in eighteen (9 per cent). Occasionalh' a large varix 
at the level of Poupart’s ligament, obviousl 3 ’- above the saphenofemoral 
junction, would diminish in size or disappear. We have become more 
and more impressed with the facts, which have alread}' been stressed by 
Margrit Hanselmann in an inaugural dissertation, that the longer the 
proximal stump, the more apt is the proximal clot to appear, and that 
ligation close to the saphenofemoral junction is the best measure to 
avoid large clots in the proximal stump. Thus, aside from the ambula- 
tory operations, the shortness of the stump is another safeguard against 
massive embolism. 

Of the eighteen patients showing a proximal thrombosis, all but 
three had a distal thrombosis, which is suggestive of an increased 
endothelial reactivity of the patients. According to Dietrich, one of 
the foremost pathologists, the increased susceptibility of the endothelial 
lining is an important factor in thrombus formation.’’ 

Whether it is possible to predict the occurrence of a distal or proxi- 
mal thrombosis following vein ligation is an open question. Elsewhere 
one of us described simple methods of detecting resting infection pre- 
vious to injection treatment.’’’ The same procedures, namely, provoca- 
tive vein puncture, diathermj' or roentgen exposure, can be used fo 
diagnose a latent infection or an increased susceptibility of the vein. 
However, such “flare ups” are much less frequent following ligation 
than after injections, because a ligature is much less irritating to the 
vein than an injection. 

The occurrence of a proximal clot in 9 per cent of our cases makes 
one wonder why injections at high points would not be equal!}' satis- 
factory so long as the ligature also produces a fairly large clot. We 

16. Hanselmann, Margrit: Postoperative Thrombose und Embolie und ihre 
Prophylaxe, Inaug. Diss., Zurich, 1926. 

17. Dietrich, A., and Schroder, K.: Abstimmung des Gefassendothels als 
Grundlage der Thrombenbildung, Virchows Arch. f. patli. Anat. 274:425, 1930. 
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have stated our standpoint in discussing the indications for ligation. 
The small aseptic clot, the permanent interruption of the venous channel 
with no chance of recanalization and the possibility of going up within 
an inch or less of the saphenofemoral junction and catching all branches 
not only make the operation safer, but also give a better prognosis so 
far as the end-results are concerned. The statement that the irritative 
thrombus is safer than the aseptic ligature thrombus because the former 
is more firmly attached holds only in cases in which the irritative 
thrombus is aseptic. Since, however, we have shown in our clinic that 
of fifty-eight clinically uninfected veins more than half gave a positive 
bacteriologic culture, we hesitate with injections for fear of a progres- 
sive thrombosis with inflammatory reaction. That the ligature can be 
safely applied under such conditions is best shown in patients whose 
veins have been tied during an acute ascending phlebitis with no reac- 
tion in either stump. The course of the five patients whose saphenous 
veins were tied during an acute attack of ascending superficial phlebitis 
was so satisfactory that such a procedure must always be considered, 
without prolonged immobilization. 

Results of Vein Ligation . — In the present material a distinction 
must be made between the dispensary material (one hundred and thirty- 
five cases) and our private material. Both groups serve to elucidate 
important points. 

The dispensary material contains eighteen patients who had pre- 
viously been given injections elsewhere or by clinicians in our group, 
with no results. In these cases a total of trvo hundred and one treat- 
ments have been given with no obliteration, whereas following ligation 
the patients were discharged as cured after a total of fifty-seven treat- 
ments. The cases show such a striking effect of this operation on the 
right type of patients that we have tabulated the results individually 
(see the accompanying table). Patients 8 and 13 had partial excisions 
with stripping of the vein, but no high saphenous ligation. The veins 
were obliterated in six cases, eight injections being given following 
ligation. Patient 16 was treated with “many injections” elsewhere, so 
that the number of treatments is not included in the treatments pre- 
ceding ligation. 

We had originally hoped to present exact follow-up statistics of 
the entire material of two hundred cases. This was only possible of 
approximately one third of the dispensary material, although a real 
effort has been made by our social service department to have the 
patients appear for reexamination. In the private work of one of 
us it has been possible to secure exact data in 91 per cent of the 
cases in which operations were performed. The patients came in everr' 
three months for the first year, every six months the second year and 
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then once a year for the next three years. The first ambulatory vein 
ligation was performed in 1927; the first patient was under obsen^ation 
for four years. 

As the dispensary material could not be adequately controlled for 
follow-up purposes, we shall limit ourselves to a discussion of the private 
cases, of which sixty exact records are available. 

Of the sixty patients, in five a dilatation developed above the ligature. 
Four of these patients were operated on in 1927 or 1928, when ligatures 
were placed at the midthigh. Since then we have learned to insist on 
a high ligation at the saphenofemoral junction. One patient who had 
had a bilateral high ligation returned with a large dilatation at Poupart’s 
ligament just above the scar, but only on the right side. The only 


Results of Vein Ligation Following Unsuccessful Injections 



Number of 

Number of 


Unsuccessful Trentments After 

Patient 

Treatments 

Ligation 

1 

20 

0 

2 

2 

1 

3 

2 

5 

4 

10 

0 

5 

5 

3 

G 

0 

2 

7 

14 

1 

8 

Vein stripping 

0 

9 

11 

C 

10 

24 

1 

11 

23 

4 

12 

2 

4 

13 

Vein stripped 

9 

14 

7 

o 

15 

50 

0 

10 

“Alanr injections” 

c 

17 

20 

0 

18 

5 

7 


FolloTT-tjp Xotes* * 

Complete obliteration 
Complete obliteration 
No recurrence In C months 
Total thrombosis 
Excellent results; seen alter a year 
Complete obliteration 
Excellent result 
Complete collapse 
No record 

Complete obliteration 
No recurrence In 4 months 
Complete obliteration; ulcers healed 
Complete obliteration 

Complete thrombosis 
Complete obliteration 
Complete obliteration 
Complete obliteration 


201 57 


* The notes were made at least three months after operation. The patients were asked to 
return every three months for a year. 


possible explanation was that this patient’s femoral valve was deficient 
or absent, which fact was corroborated by the unusually strong impulse 
in this vein following coughing or straining. At reoperation a large, 
thin-walled, saccular dilatation was found between the proximal ligature 
and the saphenofemoral junction. This was completely excised, the 
new ligature being placed at the saphenofemoral junction. The exposed 
femoral vein showed such marked fluctuations to inspiration, coughing 
or sneezing that the diagnosis of the absence or incompetence of the 
femoral valve was certain. The significance of this anomaly must be 
investigated in other cases. 

Recurrences caused by a marked reflux through incompetent per- 
forating veins occurred onl}^ in two of the sixty patients (3 per cent). 
We have previously stated ^ that patients with large incompetent com- 
munications between the deep and superficial veins must have a radical 
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excision. Quite recently rve have tried to ligate the incompetent per- 
forating branches at the time the high saphenous ligation was done,, 
but we cannot report any end-results at this time. 

A summary of the recurrences following vein ligation combined with 
injections in sixty private cases is as follows: 

Dilatations pro.ximal to the ligature (4 low ligations, 1 incompetent 


femoral valve) 5 

Dilatations distal to the ligation (incompetent perforating veins) 2 


/ 

The final analysis of these recurrences indicates that high ligations 
should be done in every case, and that either the incompetent perforat- 
ing veins should be ligated or a radical excision should be made. When 
one considers, furthermore, that patients who are submitted to vein 
ligation suffer from the most extensive and progressive type of varicose 
veins, the end-results show that the combination of vein ligation with 
injections offers in the suitable type of patient the best chances for 
permanent results. 

Embolism Following Vein Ligation . — In the two hundred cases of 
ambulatory vein ligation we have not encountered any case of pulmonary 
embolism or ascending deep thrombosis. One cannot state that the 
operation is entirely free from this risk, because no operation is. We 
do believe, however, that two factors, namely, the ambulatory manage- 
ment and the shortness of the proximal stump, are important in the pre- 
vention of embolism. The classic description of ligation of the saphen- 
ous vein, which called for splinting and three weeks’ immobilization in 
bed, showed the alarming percentage of 0.7 per cent of fatal pul- 
monary embolisms. When statistics will be available of at least one 
thousand ambulatory vein ligations, some statement may be made as 
to the frequency of this complication. We have good reason to believe, 
though, that they will compare favorably with minor ambulator}^ opera- 
tions in this respect. 

CONCLUSIONS 

On the basis of two hundred ambulatory vein ligations combined 
with the injection treatment for varicose veins, we think that this pro- 
cedure has a definite place in the treatment for this condition. The 
high saphenous ligation protects the treated veins from fluctuations 

18. These recurrences indicate that when ligation of the saphenous vein com- 
bined with injections was done with proper indications and proper technic a recur- 
rence was found in one of sixty cases (0.6 per cent) . This one recurrence was due 
to an incompetent femoral valve, a condition that we have overlooked entirely up 
to the present time. 
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of abdominal pressure and hydrostatic pressure, thus preventing canali- 
zation of the thrombi. It also reduces the necessary number of injec- 
tions and places the occluding ligature close to the saphenofemoral 
junction. By insisting on a short proximal stump and on ambulatory 
management, we can report no embolism in the entire series. The 
complications reported in this series all seem avoidable with growing 
experience. The end-results of the operation combined with injections 
show a far smaller percentage of recurrences than those obtained with 
any other procedure in the treatment for varicose veins. 

122 South Michigan Avenue. 



AVERTIN AS AN ANESTHETIC FOR GENERAL 

SURGERY 


HENRY K. RANSOM, M.D. 

ANX ARBOR, MICH. 

In order to determine the worth as well as the limitations and 
dangers of the various new anesthetic agents, it is desirable that reports 
of many cases from different clinics be made. With this in view I have 
undertaken a critical analysis of the cases in which avertin was used 
either as the anesthetic or for basal narcosis supplemented with some 
form of inhalation anesthesia in the surgical clinic of the University 
of Michigan Hospital. This statistical survey' covers the period from 
November, 1929 (when avertin was first adopted in this clinic), to 
January, 1932, and comprises 430 cases. Operations done in the divi- 
sions of genito-urinary and orthopedic surgerj’ in which avertin was 
employed are included, but the cases in the neurosurgical field have 
been reserved for a separate report. While avertin was not used as a 
routine measure for any particular type of work, it was employed rather 
extensively in abdominal operations and also in operations performed 
on the face or about the mouth. In ail of these cases considerable 
discretion was exercised in the selection of the patients. Ordinarily 
cachectic or very elderly persons as well as those greatly debilitated 
from chronic disease were excluded. In such patients the risk of pul- 
monary complications arising from a prolonged postoperative period of 
somnolence seemed to be unwarranted, and for them another anesthetic 
was usually selected. 

.'VGE AND SEX 

The age according to decades and the sex incidence of the 430 cases 
are shown in table 1. The preponderance of men over women is of no 
significance as it simply reflects the fact that in this clinic there are more 
male than female surgical patients. While avertin was used fairly often 
for children, the instance of the patient 83 3 ’ears old was an excep- 
tional one. The average age of 36.2 years is an interesting figure, since 
it shows that fairly young and reasonably sound patients made up the 
majority of the group. 


From the Department of Surgery, University of Michigan. 
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DOSAGE 

The dose in milligrams was in all instances calculated according to 
body weight. Table 2 shows the doses expressed in milligrams per 
kilogram which were employed. It will be noted that 110 mg. per kilo- 
gram was almost our standard dose. This was occasionally Increased 
in some exceptional circumstances, and likewise on some occasions it 
was reduced. A dose of 110 mg. per kilogram has seemed to be satis- 
factory and safe, whereas at no time has it been my aim through either 

Table 1. — Age and Sex Incidence 


Age by Dccndcs 


1-9 9 

19- 19 CD 

20- 29 77 

30-39 107 

40-^9 CD 

50-59 CD 

CO-CD 32 

70-79 6 

80-S9 2 

Totnl 430 

Youngest patient 4 

Oldest patient 83 

Average age 30.2 years 


Se.v 

Males 232=53.9% 

Females 193 =40.1% 


Table 2. — Dose of Averiin 


Mg. per Eg. Xumber Oases Per Cent 

130 9 2.03 

123 3 0.78 

120 24 5.47 

116 13 2.66 

UO 344 79.96 

100 25 5.73 

90 4 1.04 

SO 8 1.82 

50 1 0.20 

Total 430 100 


the use of excessive doses of avertin or the use of heavy preoperative 
medication to produce complete surgical anesthesia without some form 
of reinforcement. The addition of a supplemental anesthetic such as 
nitrous oxide and oxi'gen or ether is without question a safer method. 
While 110 mg. per kilogram is a somewhat larger dose than that used 
by many surgeons, it has not seemed objectionable in my hands. When 
the smaller doses were employed, the results were considerably less 
satisfactory. With regard to children, my experience has been in accord 
with that of others, i. e., that they are more tolerant to avertin than 
adults, and even with doses of 110 mg. per kilogram, supplementary 
anesthesia was required in every case. 
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ADMINISTRATION 

Almost as a routine procedure the patients were narcotized in their 
own beds in the ward or private room. The general standard technic of 
administration recommended by the makers of the drug was followed. 
Cleansing enemas were given in the evening before the day of operation 
but ordinarily not on the operative day. Occasional!}' a mild sedative 
was given on that same evening. Most of the patients received some 
form of preoperative medication. This consisted for the most part of 
morphine sulphate, from % to I 4 grain (11 to 16 mg.), or a mixture 
of opium alkaloids hydrochlorides, j/s grain (22 mg.). Atropine was 
usually omitted, while rarely hyosine, from to %oo grain (0.4 to 
0.6 mg.), was used in conjunction with morphine. The calculated 
quantity, ranging approximately from 175 to 300 cc. of the 3 per cent 
solution of avertin which had previously been prepared by an expert 
pharmacist and kept at a temperature of 40 C., was administered by a 
nurse anesthetist. The fluid was introduced into the rectum through 
an ordinary male catheter with funnel attached and was allowed to 
flow in slowly by force of gravity. The ease of the induction and the 
absence of an excitement stage or struggling were noteworthy. The 
induced sleep seemed to resemble natural sleep more closely that that 
brought about by any other artificial means. The color of the patient 
was usually good, and there was an absence of marked sweating. 
Cyanosis was rarely noted. In from fifteen to thirty minutes the full 
depth of the narcosis was reached, and at or slightly before this time 
the patient was transported to the operating room. The transfer' to the 
operating table, the preparation of the skin and the arrangement of 
drapings were carried out as usual. If cutaneous stimuli provoked a 
reflex response, a supplemental inhalation anesthetic was started at once. 
Otherwise, the operation was started and reinforcement resorted to 
when and if it became necessary. 

TYPES OF OPERATION 

The various operations that were performed are shown conveniently 
grouped in table 3. It will be noted that considerable use was made of 
avertin in operations about the head or in the mouth as well as in the 
various abdominal operations. In the former type of operation, where 
gas masks or ether cones are apt to encroach on the operative field and 
so hamper the operator, an anesthetic substance that can be introduced 
into the circulation by way of the rectum has outstanding advantages. 
In the laparotomy group avertin gave important assistance in bringing 
about the requisite degree of muscular relaxation. The second column 
of figures in the table is of interest. It designates the number of cases 
in which no supplemental anesthetic was required and shows that this 
was chiefly in operations which did not involve opening the peritoneal 
cavity. It is of some interest that only 5, i. e.. 12.5 per cent, of the 
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goiter operations (which orclinaril 3 r can be done under comparatively 
light anesthesia) were completed with avertin unassisted. This seems 
to bear out the observation that hyperthyroidism produces a greater 
tolerance to avertin, while conversely hypothyroidism is said to render 
a patient less tolerant and in such cases the dose should be correspond- 
ingly reduced. In keeping with this it was also frequently found that 
in using nitrous oxide and oxygen with avertin the ratio of the gases 
had to be kept at approximately the same level as in the cases in which 
no avertin was used. 

Table 3. — Opcralioits under Avertin 


Type of Oporntion 

Face and mouth 

Hernia (all varieties) 

Kidney and ureter 

Gallbladder and biliary tract 

Thyroidectomy 

Appendectomy 

Plastic 

Exploratory laparotomy 

Bone and joint 

Resection cervical glands 

Breast 

Miscellaneous 

Gastric resection 

Gastro-enterostomy 

Lumbar sympathectomy 

Bladder and urethra 

Colostomy 

Amputation (thigh or leg) 

Cholecystogastrostomy 

Esophageal diverticulcctomy 

Duodenum 

Pericardiotomy 

Gastrostomy 

Splenectomy 

Lobectomy (pulmonary) 

Gastrocolic fistula 


Number Performed 


Total Kumber 

cs 

54 

47 

44 

40 

SG 

21 

20 

19 

IS 

10 

9 

9 

C 

5 

4 


1 

2 

1 

1 

1 

1 

1 

430 


vith Avertin 
Unassisted 
40 
11 
10 

5 

14 

5 

4 

5 

6 

4 

5 
4 
U 
1 
0 

0 

1 

0 

1 
1 
1 
1 
0 
0 
0 

130 


SUPPLEMENTARY ANESTHESIA 

Table 4 indicates the number of the cases in which supplemental 
inhalation anesthesia was necessary. As will be noted, nitrous oxide 
and oxygen was the supplemental anesthetic of choice and was used 
in the great majority of cases. In 33 cases this alone was not suffi- 
cient, and a moderate quantity of ether vapor was given through the 
McKesson machine. The 21 cases in which ether alone was used for 
reinforcement call for some comment. These cases were of two types: 
The first group involved operations done inside of the mouth where 
anesthetic apparatus was objectionable. In these cases the avertin was 
supplemented at intervals with ether given through the ether vapor 
apparatus. The other group was composed of very major abdominal 
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procedures in which most complete muscular relaxation was necessary, 
such as lumbar sympathectomy and operations on the biliar}' tract or 
deep in the pelvis in muscular persons. A synergistic effect between 
avertin and ether was noted, and in man}' cases the ether was necessary 
only during the preliminary exploration of the abdominal cavity and 
the packing off process, and could be discontinued during the remainder 
of the operation with possibly a small quantity again for closure of the 
peritoneum. Thus the total quantity of ether would range from only 
to 2 ounces in many of the cases, with nevertheless a high degree of 
muscular relaxation. When nitrous oxide with oxygen was the supple- 

Taele 4. — Supplementary Anesthesia 


None 

Gas 

Ether 

Gas and ether vapor. 


Number Cases 

Per Cent 

120 


24G 

57.21 

21 

4£3 

33 

7.CS 

420 

100 


Good 

Satlslactory. 

Fair 

Excellent 

Very good... 


Poor. 


Table S. — Evaluation of the Anesthetic 


Number 

Per Cent 

235 

54.G4 

64 

14.93 

43 

ll.OS 

42 

0.79 

25 

5.93 

1C 

3.61 

430 

lOO 


mental anesthetic, the percentage of oxygen in the mixture could usually 
be considerably increased. The average ratio of the gases used for this 
entire group was 82 : 18 which, of course, means that the percentage of 
oxygen is practically double the amount possible when used with nitrous 
oxide alone. Oftentimes the percentage of the oxygen in the mixture 
was considerably higher than this, starting with a 90: 10 ratio of the 
gases and tapering off to perhaps a 50:50 ratio at the conclusion of 
the operation. 

EVALUATION OF THE ANESTHETIC 

In table 5 an attempt has been made to evaluate the quality of the 
anesthesia. At the conclusion of each operation the operating surgeon 
was requested to state his opinion of the anesthetic for that particular 
case. The opinions expressed show that in about 86 per cent of the 
cases the anesthesia was entirely satisfactor}', while in slightly less than 
14 per cent it was thought to be only fair or poor. 




94 


ARCHIVES OF SURGERY 


BLOOD PRESSURE CHANGES DURING AVERTIN’ ANESTHESIA 

In the entire number of cases, careful recordings were made of 
variations in blood pressure, both systolic and diastolic, as well as 
changes in the pulse and respiration during the course of the operation. 
In each case a basal blood pressure reading was taken before the admin- 
istration of the avertin. There was considerable variation in this initial 
pressure among the different patients, the highest systolic reading being 
210 mm. of mercury and the lowest 72, with an average systolic pressure 
of 120. Of the diastolic recordings, the highest that was noted was 
140 and the lowest 20, with an average diastolic pressure of 72. After 
the administration of the avertin it was ordinarily noticed that there 
was a moderate decline in pressure during the first fifteen or twenty 
minutes ; the pressure then graduall}^ rose again, and at the conclusion 
of the operatioii ivas approximately at the preoperatii’e level. In most 

Table 6. — Stimulants During Operation 


Stimulants 

None ! 

Xumber 

47 

Per Cent 

83.77 

ai.oo 


9 

2.09 

8.14 

Both 




- . - 


430 

100 


Intravenous dextrose 7 

Blood transfusion 6 


cases this preliminary drop in blood pi'essure was not sufficient to cause 
concern, and there were no attendant objectionable symptoms such as 
cyanosis or marked changes in the pulse. In case the drop in pressure 
was extraordinary or tended to be prolonged, it was found that this 
could be satisfactorily counteracted by the use of ephedrine or epi- 
nephrine. In general, it seemed that the administration of some inhalant, 
such a.s ether, nitrous oxide or carbon dioxide, aided considerably in 
bringing up a lowered blood pressure. Table 6 shows the incidence of 
the use of the various stimulants during the course of the operation. 
The cases noted in which intravenous dextrose or blood transfusion 
was required were cases in which the nature of the operation made these 
expedients necessar}^ and it was through no possible fault of the anes- 
thetic that they were required. Likewise, the rather large number of 
cases in which caffeine was given is not a true index of the actual neces- 
sity for stimulation consequent on the anesthetic. It was more or less 
customary at the conclusion of the operation, if the patient was still 
profoundly narcotized, to administer an ampule of caffeine in order 
to shorten somewhat the postoperative reaction time. On the whole, 
my experience would not tend to show that 'the fall in blood pressure 
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from the use of avertin was highly objectionable, and it certainly does 
not seem comparable either in magnitude or as a cause for alarm with 
the changes in blood pressure that occur during the use of spinal anes- 
thesia. After the administration of the avertin, blood pressure readings 
were taken at ten minute intervals during the course of the operation. 
As stated before, the maximum fall in pressure usually occurred from 
ten to thirty minutes after the introduction of the avertin, and these 
changes may be summarized as follows: Of the 430 cases followed, 
in 17, or 4 per cent, there was no initial change in systolic blood pressure. 
In 357 cases, or 83 per cent, there was a decline in systolic pressure, and 
in 56 cases, or 13 per cent, there was an actual initial rise in pressure. 
In the cases showing a decline in systolic pressure the average decrease 
amounted to — 28 mm. of mercury, or a drop of 23 per cent, while 


Tadle 7. — Changes in Blood Pressure 



Kumber 

Per 



Cases 

Cent 


f No chanse 

17 

4 


Initial 

1 Increase... 

5C 

13 

Systolic j 


1 Decrease.. 

357 

83 






1 


f Ko change 

30 

9 

i 

Final 

•( Increase... 

1G3 

38 


1 Decrease.. 

22S 

53 


( No change 

34 

8 

r Initial 

\ Increase... 

01 

21 

1 

1 Decrease.. 

305 

81 

Diastolic t 




1 

1 No change 

Co 

15 

[ Final 

i Increase... 

ISO 

44 


1 Decrease. . 

17G 

41 


Average 

Total 


Amount, 

Per Average, 

Per 

Mm. Hg. 

Cent Jim. Hg. 

Cent 

+23 

+23 [ —20 

—17 

—23 

—23 J 


+ *2 

+ 'i.7 1 - 5 

— 4 

— 2 

- 1.7 J 


+17 

+2i } —10 

—14 

—10 

-27 J 


+15 

+21 [ +0.3 

+0.4 

—15 

-21 J 



those showing a rise in systolic pressure showed an average increase 
of 28 mm. of mercury, or a rise of 23 per cent. The total average 
initial systolic change amounted to — 20 mm, of mercury, or a drop 
of 17 per cent. Regarding the initial change in diastolic pressure, of 
the 430 cases there was no initial change in 34, or 8 per cent. In 305 
cases, or 71 per cent, there was a decrease in pressure and in 91, or 
21 per cent there was an increase. The amount of these changes is as 
follows : The average decrease for the 305 cases was — 19 mm. of 
mercury or a 27 per cent fall, while the average increase in the 91 
cases showing an initial rise was 17 mm. of mercury, or a 24 per 
cent increase. This gave a total average initial change of — 10 mm. of 
mercury or a fall of 14 per cent. At the conclusion of the operation 
the following changes in pressure were noted: Of the 430 cases, the 
systolic pressure was at the preoperative level in 39, or 9 per cent. In 
228, or 53 per cent, it was still below the preoperative level, while in 
163 cases, or 38 per cent, it was above the basal reading. Of the cases 
in which there was a final decrease in sj'stolic pressure, the average 
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amounted to — 2 mm. of mercury, or 1.7 per cent. Of those show- 
ing an increase, the average increase was 2 mm. of mercury, or 1.7 
per cent, while the total average systolic change was — 5 mm. of mer- 
cury, or a 4 per cent drop. Final diastolic changes were as follows : Of 
the 430 cases, 65, or 15 per cent, showed no change; 176 cases, or 41 
per cent, showed a decline and 189 cases, or 44 per cent, showed an 
increase. Of those showing a decrease, the average decline was — 15 
mm. of mercury, or 21 per cent, while the average increase in those 
showing a rise was +15 mm. of mercury, or 21 per cent, and the total 
average diastolic change was negligible. Table 7 summarizes these 
changes in blood pressure. 

CHANGES IN PULSE AND RESPIRATION 

Changes in the pulse rate following the administration of avertin 
were also studied. Of the 430 cases, 30, or 7 per cent, showed no 


Table S . — Changes in Pulse and Rcspiralion 



Kumber 


Average Number 

Total 


Cases 

Per Cent 

Beats 

Average 

f Increase 

.... 2C2 

Cl 

+10 1 


Pulse { Docreose 

ir>s 

S2 

-IG f 

*f7 

i, No change 

so 

7 

.... I 


( Increase 

. . . S03 

71* 

+ ® ) 


Respiration •( Deerease 

CO 

U 

-•* 

+0 

[ Ho change 

— C5 

15 

.... 



change in pulse rate after the administration; 138 cases, or 32 per cent, 
showed a decrease in the pulse rate, while 262, or 61 per cent, showed 
an increase. The average increase in those showing an elevation in 
pulse rate was + 19. The average decrease in those showing a drop 
was — 16, while the total average pulse change was + 7. The changes 
in respirations were : Three hundred and five cases, 71 per cent, showed 
an increase in the respiratory rate; 60 cases, 14 per cent, showed a 
decrease in the respiratory rate, while 65, 15 per cent, showed no 
change. The average increase in the respiratory rate of those showing 
a rise was + 9, and the average decrease in those showing a decline 
■was — 4. The total average change in respiratorj-' rate was +6. 

NAUSEA AND VOMITING 

The incidence of postoperative nausea and vomiting is of interest. 
In 267 cases, or 62 per cent, nausea and vomiting were entirely 
absent. In 163 cases, or 38 per cent, there were some nausea and 
vomiting after operation. For the most part these were very transient 
and ordinarily could be ascribed to the operation itself rather than to 
the anesthetic, and in none of the cases were nausea and vomiting 
greatly prolonged, as one occasionally sees after deep ether narcosis. 
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REACTION TIME 

Of particular interest was the time required for reaction. Table 9 
shows in a statistical wa}- the time interval between the conclusion of 
the operation and the time when reaction took place. It will be noted 
that in a small group of 10 cases the patients reacted immediate!}- 
after the operation, while approximately 23 per cent of the patients 
reacted in less than one hour. The largest group was composed of 204 
patients, or 47 per cent of the total number. These patients reacted 
beUV-een one and three hours, whereas the next largest group reacted 
between three and six hours, and a comparatively small number required 
more than six hours for reaction. The longest reaction time recorded 
was eighteen hours, and the second longest period fifteen hours. Further 
mention of the two patients who died without reacting will be made 


T.\di,e 9. — Reaction Time 


Tinif* 

Xumher 

Per Cent 

Immediate 

.. 10 

2.43 

2 to 15 min 

u 

10.25 

15 min. to 1 hr 

45 

10.50 


20-1 

47.52 

24.22 

3 to 6 hr 

104 

6 to 12 hr 

1C 

3.73 

Over 12 hr 

5 

1.24 


423 

100 

Died without reacting 

Average reaction time— 21*. hr. 

o 

430 



later. The average reaction time as computed for all of the cases 
amounted to two and one-half houTs. At the present time, I am trj-ing 
the effect of withdrawal of the residual avertin solution from the rectum 
at the conclusion of the operation. Following this, a rectal instillation of 
oil is given. While no definite data are as yet available on the results, 
there is some evidence to show that the reaction time can be further 
shortened in this manner. After reacting, the patients were ordinarily 
drowsy for several hours longer but could be readily awakened for 
the administration of fluids. In our opinion, there was no increase 
in the necessity for postoperative catheterizations. A striking and 
advantageous feature was the subsequent amnesia for this postoperative 
period. 

POSTOPERATIVE COMPLICATIONS 

A complete tabulation of all complications arising during convales- 
cence was made. Table 10 lists the major nonfatal complications which 
were found and also the time of their appearance. Of especial interest 
in this connection is the group of cases in which postoperative pul- 
monary complications developed which might be attributed to the 



98 ARCHIVES OF SURGERY 

anesthetic. On the assumption that such complications will make their 
appearance within five days after operation, the cases in which there 
were pulmonary complications that might be charged to avertin are 
marked with an asterisk. The first 4 cases in the table fall into this 
categor}'. They consisted of 2 cases of bronchitis, 1 of pleurisy and 1 
of bronchopneumonia. All of the patients recovered under the usual 
treatment. Case 257443, in which a nephrectomy was done for renal 
tuberculosis, was that of a patient with other associated tuberculous 


Table 10. — Posto/’eralii'c Coviplicalioits 


Case 

^o. 

Age 

Sex 

Operation 

Anesthetic 

Combination 

Complications 

Time of 
Development 
After 
Operation 

2CG-2CG* 

29 

Ji 

Inpuinnl herniotomy 
and orchidopexy 

110 mg. per Kg. 
and gas 

Pneumonia 

2nd day 

2C5910* 

50 

M 

Spinal fusion 

110 mg. per Kg. 
alone 

Pleurisy 

2nd day 

27G7oO* 

43 

M 

Cholecystectomy and 
appendectomy 

110 mg. per Kg. 
and gas 

Bronchitis 

4th day 

2G5S90* 

29 

P 

Cholecystectomy and 
appendectomy 

no mg. per Kg. 
and ether 

Bronchitis 

Srd day 

230033 

40 

P 

Cholecystectomy and 
appendectomy 

110 mg. per Kg. 
and gas 

Pulmonary infarct 
orbronchoplcurlsy 
at base of 
right Jung 

2 Tvk. 

2G177G 

37 

P 

Cholecystectomy 

no mg. per Kg. 
and ether 

Respiratory 

paralysis 

Immediately 

233J23 

75 

M 

Colostomy lor car- 
cinoma o£ rectum 

no mg. per Kg. 
and gas 

Heart block 
(advanced 
myocarditis) 

2nd day 

2j7-J43* 

34 

P 

Nephrectomy for 
tuberculosis 

115 mg. per Kg. 
and gas 

Bronchopneu- 
monia? tuberculous 

2nd day 

2C9S50 

47 

M 

Cholecystofrastrostomy 
for carcinoma 
of pancreas 

110 mg. per Kg. 
alone 

Pleurisy with 
clTusion 

nth day 

27SSGG* 

S3 

M 

Drainage of appendical 
abscess 

110 mg. per Kg. 
and gas 

Respiratory 

paralysis 

2nd day 

23SS18 

3G 

M 

Abdominal 

sympathectomy 

130 mg. per Kg. 
alone 

Postoperative 
mania (psycho- 
genic) 

For 2 'wk. 


lesions, and the pneumonia, which developed on tlie second postopera- 
tive day, was thought possibly to be a tuberculous pneumonia. The 
acute condition cleared up promptl)', but the patient was placed on the 
usual regimen ordinaril}^ prescribed for patients with pulmonary tuber- 
culosis. Case 270866 must be included among the pulmonaiy' com- 
plications. This patient, shortl}’^ after being returned to the ward 
following operation, had a temporary respiratory arrest, for no clear 
reason. Under appropriate treatment he was resuscitated, and the 
remainder of the convalescence was without event. In case 261776 
likewise, temporary paralysis occurred. Here, however, it was thought 
that this was due to a slip in the ward routine. The patient, who 
had had a preliminary dose of morphine and hyoscine before the 
administration of the avertin, was returned to the ward following 
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operation in good condition but still deeply narcotized. On her return, 
through a misunderstanding of orders, the nurse in charge at once 
administered grain of morphine subcutaneously. Shortly after this 
there was a cessation of respiration, although the pulse remained 
practically normal. Artilicial respiration was instituted at once, and 
after a period of about fifteen minutes normal respiration again took 
place, and there was nothing further to mar the convalescent period. 
This undoubtedly was due to an error in management, and it was felt 
that had the additional morphine not been given this complication could 
have been averted. 

In the entire series there was no evidence of rectal irritation or 
ulceration from the use of avertin in any case. Xo case was discovered 
in which there was bleeding or discharge from the rectum, and no 
symptoms such as rectal pain or discomfort were encountered following 
the use of avertin. This we attribute to the fact that great care was 
exercised in the preparation of the solution, as it seems to have been 
satisfactorily proved that the early cases in which such complications 
ensued were undoubtedl}" due to the fact that either decomposed prepa- 
rations or solutions of improper />h value were used. 

Likewise, there was no evidence that repeated administrations of 
the drug were attended with additional danger. Several instances 
occurred in the series in rvhich avertin was used repeatedly without ill 
effect. One man in the course of a year had nine plastic operations, 
all done with avertin, and a woman with gallstones, who refused 
operation, received six full sized doses in a period of two weeks for the 
control of intolerable pain. 

DEATHS 

In the 430 cases, there were 22 deaths, or a mortality of 5.1 per 
cent. It can be readily seen from table 11 that in most instances the 
deaths were due to causes other than the anesthetic, and for the most 
part the fatal issue took place a considerable time after the operation 
was performed. The cases in which the anesthetic may have been or 
probably was a factor have been marked with an asterisk and might 
be mentioned individually^. Case 272390 undoubtedly must be classi- 
fied as one of death due to avertin. This patient had a laparotomy for 
what proved to be an inoperable carcinoma of the stomach with 
abdominal carcinomatosis. The operation consisted of exploration 
only. He left the operating room in satisfactory condition but failed 
to react and died suddenly five hours later. Autopsy showed no positive 
cause for the sudden death. The most striking obseia-ation was a rather 
intense pulmonary edema. 

In case 263327 the patient was a frail little woman with an 
adenomatous goiter and a damaged myocardium. It will be noted that 
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the avertin dosage was considerabl}’^ decreased below the average dose 
used in the series, and the patient awakened promptly at the con- 
clusion of the operation. However, bronchopneumonia developed, 
proved bj' roentgen examination, probably on the basis of postoperative 
atelectasis, and this proved to be fatal in twenty-four hours. 




Table 11 .- 

—Nuwbcr of Deaths 


CnFC 

Age 

nncl 


Anrsthctlc 


Time of 
Death 
After 
Opera- 

No. 

Sex 

Opcrntlon 

Combination 

Cause of Deatli 

tion 

2j00-il 

4S F 

Vrntrnl licrniii anil fecal 
fistula 

120 mg. per Kg. 
alone 

Generalized sepsis 

7 wk. 

2G9Qjl 

47 F 

Nephrectomy for calculus, 
pyonephrosis 

110 nig. per Kg. 
alone 

Empyema bronchopleural 
fistula (ICth day) 

ISth day 

275073 

62 51 

Anterior gnstro entcrostomyl20 mg. per Kg. 
for carcinoma of stomach and gas 

Renal insufilciency 

13th day 

25-J33G 

25 F 

Duodenojejunostomy 

110 mg. per Kg. 
alone 

Ulceration at anastomo- 
sis site and hemorrhage 

Sth day 

2G3G« 

33 M 

Multiple compound fracture 
of mandible and maxilla 

130 mg- per Kg. 
alone 

Fat cmbol.’sm of lung 

Ihr. 

273S41 

40 M 

Lobectomy of upper and 
middle lobes for car- 
cinoma of bronchus 

110 mg. per Kg. 
and gas 

Piilincnnry RniiRrcne 

2 days 

277S39 

3S .M 

Ligation of Internal jugu- 
lar and ablation of sig- 
moid sinus for sigmoid 
sinus tbrombo.«ls 

110 mg. per Kg. 
and gas 

Cavernous sinus throm- 
bosis 

13 clays 

257273 

IS M 

Roamputntlon of thigh for 
septic knee 

110 mg. per Kg. 
and gas 

Bronchopneumonia 

33 days 

255760 

34 F 

Left nophrolltliotoiny 

110 mg. per Kg. 
and gas 

Pyelonephritis 

3 cyk. 

2CT01S 

27 P 

Splenectomy for purpura 
Ijcmorrhagica 

110 ing. per Kg. 
and gns 

Oontinncil licmorrlmBC 

3 days 

257035 

D7 Jt 

Polya resection for gastric 
ulcer 

110 ing, per Kg. 

Renal insufilciency and 
urinary .«5upprcssion 

5 days 

270CG9 

23 JI 

Thigh amputation for tu- 
berculosis of the knee 

110 mg, per Kg. 
alone 

AVidesprend tuberculosis 

41 days 

27030S 

09 P 

Bllroth II for carcinoma 
of stomacb 

110 mg, per Kg. 
alone 

Intcst'nnl fistula 

15 days 

1917S3 

05 M 

Sublingual abscess, endo- 
thcriny 

no mg. per Kg. 
alone 

Septicemia 

6 days 

2723C0* 

49 M 

Exploratory laparotomy 
for carcinoma of stomach 
with carcinomatosis 

no mg. per Kg. 
and gns and 
ether vapor 

Did not react 

5 hr. 

252395 

33 F 

Ureterostomy for car- 
cinoma of bladder 

no mg. per Kg. 
and gns and 
ether vapor 

Metastatic carcinoma and 
pyelonephritis 

22 days 

263327* 

55 F 

Thyroidectomy for ade- 
nomatous goiter 

80 mg. per Kg. 
and gns 

Atelectasis and broncho- 
imeumonia 

24 hr. 

278395* 

B7 M 

Gastrostomy lor car- 
cinoma of esophagus and 
tracheo-esophageal dstuln 

110 mg. per Kg, 
alone 

Extensive carcinoma; did 
not react 

24 hr. 

278243 

57 M 

Polya resection for car- 
cinoma of stomach 

no mg. per Kg. 
alone 

Peritonitis 

14 days 

21CC24* 5G JI 

Metastatic carcinoma of 
neck glands (primary in 
tongue); excision of 
glands with ligation of 
internal carotid artery 

110 mg, per Kg. 
and gas 

Right hemiplegia (2nd 
day after operation; 
bronchopneumonia (5th 
day after operation) 

Sth day 

279539 

52 F 

Cholecystostomy for car- 
cinoma of gallbladder 
with stones and empyema 
of gallbladder 

110 mg, per Kg. 
and ether 

Duodenal fistula (car- 
cinoma) 

29th day 

2732S2 

53 F 

Bilateral ureteral trans- 
plant and cystectomy for 
carcinoma of bladder 

no mg. per Kg. 
alone 

Cardiac failure 

2nd day 
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In case 278395, the patient was an extremely emaciated man who 
had a cancer of the esophagus complicated by a tracheo-esophageal fistula. 
W’hile his condition was desperate, a gastrostomy seemed to be clearly 
indicated. This operation is ordinarily performed under local anesthesia, 
but in this particular case avertin was chosen in order that a satisfactory 
examination of the trachea with biopsy might be carried out. This 
patient also failed to react from the avertin narcosis and died twenty- 
four hours later. An autopsy was not obtained. 

In case 216624, the patient was a man with an extensive metastatic 
carcinoma of the cervical glands for which a radical resection was done. 
In the course of the operation it became necessary to ligate the internal 
carotid artery with the unfortunate consequence that a hemiplegia 
developed on the second postoperative day, and on the fifth day there 
was definite evidence of bronchopneumonia from which the patient 
died on the eighth day. 

In case 273841, the patient was a man with carcinoma of the right 
primary bronchus. In doing a lobectomy of the upper and middle lobes, 
the main pulmonar}' artery was accidentally tied, which accounted 
for the gangrene of the lower lobe, which proved to be fatal on the 
second postoperative day. 

Considering these two tables together, there were 8 cases of post- 
operative pulmonary complications, for the occurrence of which the 
anesthetic probably played a part. This gives a percentage of 
postoperative pulmonary complications of 1.9 per cent. Of these post- 
operative pulmonary complications, there were 4 frank pneumonias, 
giving a percentage of 0.9 per cent for the entire series. Of the 
postoperative pneumonias, 2 were fatal, giving a percentage of 0.5 per 
cent for the entire series, and of 50 per cent for the postoperative 
pneumonias. 

SUMMARY 

The results from the use of avertin in this series of selected cases 
were on the whole highly satisfactor)n The easy induction was one 
of the outstanding features and one that made avertin particularly 
agreeable to the patients. Avertin proved to be of especial value in 
operations on the head and face, in which man}' times it was possible 
to dispense completely with cumbersome apparatus such as gas masks or 
ether cones. Perhaps its sphere of greatest value was in abdominal 
surgery where, when combined with some supplemental anesthetic 
agent, it aided considerably in enhancing muscular relaxation. 'Wc. are 
not prepared to advocate it as having any decided advantages in thyroid 
surgery. While it is admirably suited to the “steal” type of operation, 
it has not seemed that the quality of the anesthesia in these cases was 
importantly better when avertin was employed, and there are objections 
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both theoretical and actual to a prolonged period of somnolence after 
operation in this type of case. In such cases it seems particularly desir- 
able to avoid abolition of the cough reflex, when mucus is apt to 
accumulate in the throat and attendant laryngeal edema is often present. 

CONCLUSIONS 

1. A representative group of 430 surgical cases in which avertin 
was employed for anesthesia or basal narcosis has been analyzed. 

2. The qualit}' of surgical anesthesia produced b}" avertin unas- 
sisted or supplemented by gas or ether in most cases is entirely satis- 
factory. The induction from the standpoint of the patient is probably 
less unpleasant than that attendant on any other form of anesthetic. 

3. In this series some form of supplemental anesthetic, such as 
nitrous oxide and oxygen or ether, was required in approximately 
70 per cent of the cases, the operation in the remaining 30 per cent being 
performed without reinforcement. 

4. While there was usually a preliminary fall in both systolic and 
diastolic blood pressure, this did not seem to be sufficient to cause 
alarm, and at the conclusion of the operation the pressure had prac- 
tically reached the preoperative level. Falls in blood pressure were 
satisfactorily combated with ephedrine or epinephrine. 

5. When nitrous oxide and oxygen were employed as a supplemental 
agent, the percentage of ox3'gen in the mixture could be increased 
to practically twice the amount possible when used with nitrous oxide 
alone. Likewise, if ether was used to supplement the avertin, the total 
quantity employed during the operation was considerably less than 
would have been required for straight ether anesthesia. 

6. The average reaction time was two and one-half hours. The 
majority of the patients reacted between one and three hours, while 
about 23 per cent reacted in less than one hour. 

7. Of the 22 operative deaths occurring in the series, only 4 seemed 
to have an}'^ definite relation to the type of anesthesia. In the entire 
series there were only 8 cases of postoperative pulmonary complications 
which seemed in any probability attributable to the avertin. Of these 
8 cases of postoperative pulmonary complications, 4 were of pneumonia, 
and of these 4 postoperative pneumonias, 2 were fatal. 

8. In order to avoid unnecessary dangers, it seems that considerable 
care should be exercised in selecting cases. If this is done, avertin, in 
my opinion, is not only a safe but an important addition to the anes- 
thetic armamentarium. 
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Thrombocytopenic purpura hemorrhagica is characterized clinically 
b}' pathologic hemorrhage, ranging from a massive loss in the acute 
form, usually with a rapid termination, to the milder form, lasting for 
years. The blood platelets or thrombocytes show marked reduction. 
Until recently, splenectomy in the fulminating form was considered 
contraindicated and futile. Kilhns,^ Reuben and Claman - and others, 
however, have reported recoveries from the acute form following 
splenectomy. 

The success of splenectomy in the majority of cases of the chronic 
form is conceded. A certain number of failures are reported, and these 
are difficult to explain. Giffin and Holloway ^ found no clinical or 
hematologic improvement in 4 of their 28 cases. Spence,’* out of 101 
cases abstracted, found 15 per cent with a return of symptoms. 

The commonly accepted theory for the successful results after 
splenectomy regards the spleen as abnormally destructive to platelets, 
producing thrombocytopenia and its sequelae. The whole reticulo- 
endothelial system is diseased, and the spleen exerts the greatest 
destructive influence. Better results follow splenectomy performed on 
persons with the largest spleens and seem to corroborate this idea. 
Removal of the spleen usuall)' is followed in a few hours by a marked 
rise in the blood platelets, and rarely is there postoperative bleeding. 
The great bulk of reticulo-endothelial tissue is represented by the spleen, 
and its extirpation usuall)' is adequate. Return of S 3 'mptoms theoreti- 
cally should suggest increased activity or hyperplasia of the remaining 
reticulo-endothelial tissue. 

1. Killins, W. A.: Acute Thrombocj-topcnic Purpura Cured b 5 ' Splenectomy, 
J. A. M. A. 92:1832 (June 1) 1929. 

2. Reuben, AI. D., and Claman, L. : Splenectomy in Acute Thrombocj-topenic 
Purpura Hemorrhagica, Arch. Pediat. 45:84 (Feb.) 1928. 

3. Giffin, H. Z., and Holloway, J. K. : A Review of Twenty-Eight Cases of 
Purpura Hemorrhagica in Which Splenectomy Was Performed, Am. J. Af. Sc. 
170:186 (Aug.) 1925. 

4. Spence, A. W.: Results of Splenectomy for Purpura Hemorrhagica, Brit. 
J. Surg. 15:466 (Jan.) 1928. 
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That the return of S3'mptoms is often due to an unnoticed accessory 
spleen is suggested by Morrison, Lederer and Fradkin.° They described 
a patient whose spleen was removed, but in whom a small accessory 
spleen was allowed to remain. Improvement was immediate but tran- 
sient, and in a year the patient was bleeding again. They suggested 
h3^pertrophy of the remaining accessor3’ spleen as an explanation. They 
believe the relative frequency of supernuinerar3" spleens, often situated 
in aberrant abdominal foci, can account for inan3^ unsatisfactory results. 
The3' enjoin a careful search for accessor3’’ splenic tissue during 
splenectom3'. 

On the other hand, man3' patients show clinical improvement, with 
relief from hemorrhagic S 3 'mptoms, and still fail to show satisfactor 3 - 
improvement in the hematologic findings. The platelets ma3^ remain 
low, the bleeding time prolonged, the tourniquet test positive and the 
blood clot nonretractile and still the patient will show no spontaneous 
ecch3'mosis, oozing gums or other hemorrhage from the mucous 
membranes. 

DIFFEREXTIAL DIAGNOSIS 

The differential diagnosis between purpura hemorrhagica and other 
blood dyscrasias when typical is comparatively sure, save in some fulmi- 
nating t3'pes. Aplastic anemia, in the bleeding stage, is characterized 
by extreme anemia, marked leukopenia and reduction of the granulo- 
cytes, with no splenomegaly. Acute leukemia, especially if in the aleu- 
kemic stage and without peripheral adenopathy, may present difficulties. 
There may be splenomegal3', but the differential count of the white cells 
will usuall3’ show immature lymphocytes and lymphocytosis. In acute 
purpura hemorrhagica, the red count at the onset is not usually markedl3' 
reduced, anemia occurring in proportion to the loss of blood. The 
hemophilic person shows marked prolongation of the coagulation time 
and a normal bleeding time. 

ATYPICAL HEMORRHAGIC DISEASE 

Recent literature has been instructive in showing the man3f at3'pical 
cases of hemorrhagic disease that occur. Glanzman,” Rothman and 
Nixon,^ Minot ® and others described a familial t3'pe of purpura hemor- 
rhagica without thrombocytopenia. A normal platelet count is associated 

5. Morrison, M. D. ; Lederer, M., and Fradkin, W. Z. : Accessory Spleens, 
Their Significance in Essential Thrombocytopenic Purpuric Hemorrhagica, Am. J. 
M. Sc. 176:672 (Nov.) 1928. 

6. Glanzman, E. : Hereditiire hamorrhagische Thrombasthenie, Jahrb. f. 
Kinderh. 88:1 and 113, 1918. 

7. Rothman, P. E., and Nixon, N. K. : Familial Purpura Hemorrhagica 
Without Thrombopenia, J. A. M. A. 93:16 (July 6) 1929. 

8. Minot, G. R. : A Familial Hemorrhagic Condition Associated with Pro- 
longation of the Bleeding Time, Am. J. M. Sc. 175:301 (March) 1928. 



ASKEY-TOLAyiD— SPLENECTOMY IN PURPURA 


105 


peculiarly with a prolonged I)leeding time, a nonretractile clot and a 
positive tourniquet test. The patients have all the clinical phenomena 
of purpura hemorrhagica. The platelets in this condition are believed 
to be qualitatively defective ; hence the term “thrombasthenic” purpura 
in distinction to thrombocytopenic purpura. 

In addition to one of the familial types, Giffin ° reported another 
case, in a patient aged 9, with all the features of hemorrhagic purpura 
except thrombocytopenia. Bleeding from the mucous membranes 
occurred, with a prolonged bleeding time and a nonretractile clot but a 
normal number of platelets. Splenectomy was done, without the usual 
prompt improvement such as follows typical purpura hemorrhagica. 

Sweene\’ reported an atypical case in which the diagnosis was 
extremely difficult. Clinically, the patient had marked hemorrhages, 
but despite a greatly prolonged bleeding time the platelets were not 
reduced. The white cells were normal. He was given numerous trans- 
fusions of blood, but failed to improve, and as a last resort a sple- 
nectomy was done. There was a slight transient rise in the white cells, 
but no increase in the platelets and no improvement clinically. The 
patient died about six months later. 

Kenned}- described the case of a child aged 4, with a prolonged 
bleeding and coagulation time, decreased platelets, intense anemia and 
slight leukocytosis. A splenectomy was done without improvement. 
Two months later tonsillectomy was followed by excessive hemorrhages 
and death. Necropsy revealed an aplastic' bone marrow. The patient 
had an atypical aplastic anemia. Splenectomy in the cases reported by 
Giffin and Kennedy for familial thrombo-asthenic purpura hemorrhagica 
has not given the satisfactory results obtained in pure thromboc^-topenic 
purpura. Little and Ayres reported a death following splenectomy in 
a case of hereditary hemorrhagic purpura with a normal platelet count. 

The most careful scrutiny of all patients with hemorrhagic disease 
is indicated before splenectomy is resorted to. iMany cases are not 
typical, and the differential diagnosis is most difficult. In borderline 
cases with no improvement, splenectomy is perhaps justifiable if the 
hemorrhage is unrelieved by transfusion and death seems otherwise 
inevitable. The cases of acute bleeding, as described by Kennedy 
and Killins,^ were of this type. In the chronic type of bleeding with 

9. Giffin, H. Z. : Unusual Types of Hemorrhagic Disease, Am. J. H. Sc. 
175:44 (Jan.) 1928. 

10. Sweenej', J. S. : Chronic Aplastic Anemia and S}-mptomatic Purpura 
Hemorrhagica Probably Due to Benzol Poisoning, Am. J. M. Sc. 175:317 (March) 
1928. 

11. Kennedy, R. L. J. : Diseases of Children Benefited by Splenectomy, J. A. 
M. A. 91:874 (Sept. 22) 1928. 

12. Little, W. D., and .-Kyres, W. IV.: Hemorrhagic Diseases, J. A. M. A 
91:1251 (Oct. 27) 1928. 
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ecch 3 nioses, bruising and moderate anemia we believe that it is better 
to postpone splenectomy unless the following requisites are met: (1) 
splenomegaly; (2) thrombocytopenia; (3) prolongation of the bleeding 
time; (4) nonretractility of the blood clot; (5) positive tourniquet test 
showing decreased capillary resistance; (6) normal coagulation time 
and (7) a normal or slight!}' increased leukocyte count. 

The following case illustrates the clinical recovery following sple- 
nectoinj' in tj'pical chronic hemorrhagic purpura, without, however, a 
hematologic recover}'. 

REPORT OF A CASE 

Miss III. S., aged 36, reported that at the age of 14 she noticed numerous spots 
on the legs about the size of a dime or greater, occurring without any bruising 
or injury. She was nicknamed “Spotty" by her playmates. At the age of 16 she 
was bitten on the arm by a mosquito, and a black and blue spot about 2 inches 
(5 cm.) in diameter developed at the site. At 19 she had an acute, severe pain 
in the lower part of the abdomen and fainted. In college she noticed that the 
discharge during her menstrual periods became profuse. Occasionally, a severe 
spontaneous vaginal hemorrhage developed. 

In 1920, tonsillectomy was advised in the belief that the purpura was possibly 
due to infection. She lost a great deal of blood, and it was thought she would not 
live. Transfusion of blood was not resorted to, and the bleeding finally was 
stopped by clamps. 

In October, 1922, she had another acute attack of abdominal pain associated 
with vomiting, believed to be acute appendicitis. She was seen by a physician, 
and for the first time was told that she had purpura hemorrhagica. Splenectomy 
had not yet been established in 'America as accepted treatment, and she forsook 
regular medical care for osteopathy. Brill and Rosenthal’s paper, in 1923, 
brought splenectomy a more generalized recognition, although Kaznelson had 
reported the first case in 1916. 

In 1923, she had a severe uterine hemorrhage. 

In the summer of 1928, she had another attack of severe abdominal pain, during 
which she became very faint and weak. There was no e.Kternal bleeding, but she 
became so anemic that she was given her first transfusion of blood. About this 
time, she first noticed a little oozing of blood from the gums and observed blood 
spots on her pillow in the morning. 

In August, 1929, she was seized with griping abdominal pain, and vaginally 
passed several clots of blood. She had marked bleeding from the gums, the 
bleeding continuing for thirty-six hours. The vaginal bleeding finally was stopped 
by packing. She was seen at the office on Aug. 27, 1929. The skin was markedly 
pale, the mucous membranes washed out. A number of ecchymoses were present 
on the arms and legs. The spleen was enlarged two fingerbreadths below the 
costal margin. Changes in the blood typical of chronic thrombocytopenic hemor- 
rhagic purpura were present and splenectomy was advised. She had another attack 

13. Brill, N. E., and Rosenthal, N.: Treatment by Splenectomy of Essential 
Thrombocytopenia (Purpura Hemorrhagica), Arch. Int. Med. 32:939 (Dec.) 
1923 ; The Curative Treatment by Splenectomy of Chronic Thrombocytopenic Pur- 
pura Hemorrhagica, Am. J. M. Sc. 166:503 (Oct.) 1923. 

14. Kaznelson: Wien. klin. Wchnschr. 29:1451, 1916. 
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of severe pain in the lower part of the abdomen and menorrhagia the next month ; 
after its cessation she was admitted to St. Vincent’s Hospital on November 1. 

She was bleeding from the gums, and numerous suggillations were present on 
the body. The site of a hypodermic injection became swollen and discolored. The 
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Table 2. — The Main Changes in the Blood in Hemorrhagic Disease 
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bleeding time was twenty' minutes, the platelet count, 50,000. She was given a 
transfusion of whole blood on November 10 and again on November 12, with only- 
slight improvement in the bleeding time. Splenectomy was done on November 14, 
followed by an immediate tranfusion, which was given as a precautionary measure, 
as there was no postoperative bleeding from the wound. 
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The pathologic report by Dr. E. M. Hall was as follows: 

“The spleen is about two and one-half times normal size, and measures 15 
by 9 by 5 cm. The capsule is smooth. There is a deep fissure near the upper 
third. The cut surface has a meaty appearance, the marking is indistinct, and the 
consistency firm. 

“Sections stained with Giemsa show moderate, diffuse fibrosis, marked conges- 
tion, marked hypertrophy and hyperplasia of the endothelial cells of the venous 
sinuses. The venous spaces also contain a few polymorphonuclear leukocytes and 
an occasional eosinophil and normoblast. The diagnosis is chronic purpura hem- 
orrhagica.” 

Clinically, there was a complete disappearance of oozing from the gums and 
purpuric spots the day after splenectomj'. The blood changes are shown in the 
chart and tabic. About the sixth postoperative day, the patient complained of a 
rheumatic pain in her left shoulder, and signs of fluid gradually developed in the 
left pleural cavitj-. On the fourteenth postoperative day, a temperature of 101 F. 
developed. The chest was tapped on December 1, and 1,500 cc. of red turbid 
fluid was removed. This proved to be sterile. Following this the fever dropped, 
and there was no recurrence. She was discharged in good condition one month 
after splenectoni}-. 

COMMENT 

This case illustrates the rather tj'pical response of the blood picture 
to splenectomy. A tremendous leukocytosis, due to proliferation of the 
granular leukoc 3 'tcs, was found the daj' after splenectomy. This slowly 
decreased, but a )'ear later the white cell count was still elevated. The 
frequenc}' with which this is found after splenectomy for purpura 
hemorrhagica suggests the existence of a leukotoxin in addition to the 
supposed lysin that destroys the platelets. The persistent leukocytosis 
is unexplainable. Evans, in reporting the blood changes following 
splenectomy, found no persistent leukocytosis. The wliite cells were 
usually normal within a month. 

The slower rise in platelets, reaching the maximum about the eighth 
day after operation, is characteristic. The response, however, was 
moderate, the count failing to rise to the frequent level of from 500,000 
to 1,000,000. 

The immediate return to normal of the bleeding time after sple- 
nectomy' was coincident with the rise of platelets. Over a period of a 
y'ear and a half since the operation, there has occurred a gradual 
reduction of the platelets, but despite this, the clinical improvement has 
continued. There has been a gain in weight and strength. The patient 
is again teaching. 

The end-result of the splenectomy' as seen a y'ear later was a clinical 
cure, but only' moderate hematologic improvement. The so-called essen- 
tial factor in the production of the disease, thrombocy'topenia, had 

IS. Evans, W. H. ; The Blood Changes After Splenectom}' in Splenic Anemia, 
Purpura Hemorrhagica and Acholuric Jaundice, with Special Reference to Plate- 
lets and Coagulation, J. Path. & Bact. 31:815 (Oct.) 1928. 
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rcnj-ipcari'd, Inil tin- u-u.-il M-qiu-l. lifiiionhaqo, had not. The 

lilood clot apain failed t(» vctract ; ihcii- \sas a shower of petechiac on 
applicali(ni of the tonrnii|iu'i. hut no tio.'inp of tlie ^niins or menorrhagia. 
Again, atypically and luamliarly, the hleedmg time was normal. 

That there is an additional f.'ictor re^ponsil)le for the disease other 
than the, thromhocylopenia is indicated hy tins and other reports. 
Apparently, clinic.al hemorrhagic purpura c.in ap])ear when tlie plate- 
lets arc normal in numlier, ns in the “thromliasthenic" t\pe, usually 
f.amilial. Converselv. a ]iatient mav h;i\e .a marked reduction of the 
blood platelets without clinical purpur.i hemorrhagica. 

It follows that the sole explanation for the clinic.al cure of jiurpura 
hemorrhagica in the maiority of ca'-es hy splenectomy cannot he the 
postopcnalivc clev.ation of the jrlatelets. It is concomitant with improve- 
ment. hut the elTect of splenectomy is more complex and far-reaching 
than it has yet been possible to explain. 


St'.MM.VUY 

The salient facts in the literature concerning so-called chronic 
essential thromhocvtopcnic purpura have been reviewed. A number of 
at\’pical cases of unusual hemorrhagic disease have been cited, and the 
futility of- treatment for such cases Iiy splenectomy pointed out. The 
necessity for a meticulous scrutiny of all hemorrhagic patients to elimi- 
nate atypic.al cases such as “thrombasthenic” purpura is suggested. 

A case showing a clinical recovery but a hematologic failure is 
described. Thromboevtopenia apparently is not the only factor oper- 
ating in purpura hemorrhagica. 



PASSAGE OF CHOLESTEROL THROUGH THE 
MUCOSA OF THE GALLBLADDER 


A. L. WILKIE, M.D. 

AND 

HENRY DOUBILET, M.D. 

MONTHEAL, CANADA 

For the past number of years the question of the etiology of choles- 
terosis of the gallbladder has assumed widespread interest. 

In a series of 5,000 gallbladders removed at operation, MacCarty,^ 
in 1919, found cliolesterosis of the gallbladder to be present in 18 per 
cent of his cases. In 1921, Mayo - found cliolesterosis in 39 per cent 
of 1,254 cases of disease of the gallbladder. Mentzer ^ in 1926 
published autopsy reports of -612 cases, with an incidence of choles- 
terosis as high as 38 per cent. In 1929, Illingrvorth * noted choles- 
terosis in 21 of 100 consecutive gallbladders removed at operation. 

Anywhere from 20 to 50 per cent of these cases of cliolesterosis 
were associated with gallstones, usually composed of pure cholesterol. 

Cliolesterosis, so named by Mentzer ^ in 1925, is a pathologic con- 
dition of the mucosa of the gallbladder, consisting macroscopically of 
tiny yellowish granules lying beneath the epithelium. IMicroscopically, 
in a Sudan-stained section, lipoid material ma}’- be seen deposited at 
the bases of the epithelial cells and in the large mononuclear endo- 
thelial cells of the strorna. In the majority of cases the subepithelial 
coat appears thickened by a varying amount of fibrous connective tissue. 
Very often scattered areas of small round cells may be seen. As a 
result of the combined fibrosis and the excessive deposits of lipoid 
material, the so-called “villi” of the mucosa are, as a rule, found to be 
shortened and thickened, but occasionallj^ may be elongated and bulbous, 
or even definitely papillomatous in appearance. 

From the Department of Surgery, McGill University. 

Read at a Meeting of the Halsted Club, at the Royal Victoria Hospital, 
Montreal, May 22, 1931. 

This work was made possible through the generous grant of the Rockefeller 
Foundation to the Department of Experimental Surgery. 
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Virchow first noticed what he considered to be cholesterol in the 
mucosa of the gallbladder in 1857. jMo 3 'nihan in 1909 described the 
macroscopic condition aptly named by MacCarty the “strawberr)-” 
gallbladder. It remained for Boyd,® however, in 1922, to show that the 
yellow material found in the wall of the gallbladder in these conditions 
was undoubted!}’ cholesterol. He demonstrated that the normal dried 
mucosa of the gallbladder contained about from 0.5 to 1 per cent of 
cholesterol, whereas the dried mucosa of the strawberry gallbladder 
could contain as much as 60 per cent of the substance. 

Although various authors have differed in their opinions as to 
whether inflammation plays any part in the production of cholesterosis, 
Illingworth * has shown experimentally that by feeding rabbits a high 
cholesterol diet and at the same time producing a chronic cholecystitis, 
it is possible to obtain a lesion that corresponds closely to that of choles- 
terosis in the human being. 

Mentzer believes cholesterosis to be essentially a metabolic distur- 
bance. Blaisdell and Chandler ' were able to produce what they believed 
to be a cholesterosis of the gallbladder by merely administering a high 
cholesterol diet to animals. 

Since 1906, Aschoff ® has insisted that cholesterol is absorbed by 
the mucosa of the gallbladder, having proved experimentally that neutral 
fats and fatty acids could be easily absorbed. However, he was never 
able to show any direct proof of the absorption of cholesterol. Torin- 
oumi,® by reinjecting a measured quantity of bile into gallbladders in 
which the cystic ducts had previously been ligated and analyzing this 
bile from seven to thirty-eight days afterward, produced results that 
tended to confirm Aschoff’s belief of the absorption of cholesterol. 

Boyd also believes that cholesterol is absorbed by the mucosa of 
the gallbladder. 

Illingworth ^ injected suspensions containing 3,442 mg. of choles- 
terol per hundred cubic centimeters of bile into the gallbladder of cats, 
after tying the cystic duct, and showed that under these conditions a 
part of the cholesterol was absorbed from the gallbladder. It must be 
remembered, however, that this concentration of cholesterol is about ten 
times as great as that which normally occurs in the bile in the gall- 
bladder, and that the medium used was an artificial one. 

Xaunyn,^® on the other hand, always considered that the cholesterol 
of the bile was derived from the mucosa of the biliaiy' passages and 

6. Boyd, W. ; Brit. J. Surg. 10:337, 1922. 

7. Blaisdell, F. E., and Chandler, L. R.: Am. J. M. Sc. 174:492, 1927. 

8. .Aschoff: Aliinchen. med. AVchnschr. 37:1847, 1906. 

9. Torinoumi : Beitr. z. path. Anat. u. z. allg. Path. 72:436. 1924. 

10. Naunyn, B. : Mitt. a. d. Grcnzgeb. d. Med. u. Chir. 33:2. 1921. 
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gallbladder. His opinion, however, was not based on any direct experi- 
mental evidence. 

The recent experimental work of Elman and Graham “ seems to 
favor the latter view, since their evidence indicates that cholesterol is 
secreted into the bile in the gallbladder. 

It may therefore be seen that two main theories exist as to the 
origin of cholesterol deposited in the wall of the gallbladder in so-called 
cholesterosis, and in order to understand the condition in which choles- 
terol plays so important a part, it is necessar}' at the outset to determine 
the function of the normal gallbladder in regard to cholesterol. 

Most of the workers in the past have experimented with choles- 
terol in an artificial suspension and in abnormal concentrations. It has 
been the aim throughout the present work to use as much as possible 
the normal concentration of cholesterol as found in animal bile. 

The purpose of the following experiments is to determine whether 
cholesterol passes through the wall of the gallbladder from the bile 
into the blood stream or lymphatics, or, vice versa, from the blood 
stream into the bile. 

TECHNIC 

The technic of the experiments was as follows: 

A fistula of the common duct was produced in a dog after the method of 
Mc^Iaster.i2 A cholecystectomy was performed; the common duct was cut 
across, and a cannula was placed in the proximal end. A soft rubber tube was 
attached to the cannula and led down to a U-shaped tube in the animal’s pelvis, 
whence a second firmer tube was carried through the abdominal wall to a sterile 
rubber balloon. The object of the U-shaped tube was merely to prevent any 
tension on the cannula in the common duct. In this way sterile bile from the 
common duct could be collected when necessarj'. 

In this series of experiments all animals were treated in the same fashion. The 
operative procedure was carried out as follows : 

Under ether anesthesia the dog’s abdomen was opened. The cystic duct was 
carefully isolated and ligated, special care being taken not to include the cystic 
blood vessels or lymphatics, especially the main trunks of the latter, which course 
down in the fatty tissue on the inferior aspect of the duct. 

The bile was then aspirated through the fundus of the gallbladder by a no. 14 
blunt cannula inserted by means of a trocar, which was withdrawn as soon as the 
gallbladder was pierced. The gallbladder was emptied as completely as possible. 
Saline was not used to wash out the lumen, as the experience of some experi- 

11. Elman, Robert, and Graham, E. A.: The Pathogenesis of the “Straw- 
berry” Gallbladder: (Cholesterosis of the Gallbladder), Arch. Surg. 24:14 (Jan.) 
1932. 

12. McMaster: Studies from Rockefeller Institute for Medical Research, 1924, 
no. 51, p. 107. 
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nicntcrs has shown llint such procedure rapidly lends to injure the delicate mucosa. 
On the other hand, it was found that by ordinary aspiration practically all the 
bile could be removed and tliat only a small amount clinging to the mucosa 
remained. 

The amount of bile aspirated was measured and replaced by an equal quantity 
of bile derived from a fistula of the common duct of another dog, as described. 
The opening in the fundus was closed by a fine purse-string suture in such a way 
as to evert the mucosa. A sample of the bile from the common duct was set 
aside in each case for a quantitative estimation of cholesterol. It was therefore 
possible to know the exact quantity of cholesterol that was injected into the lumen 
of the animal’s gallbladder. For convenience, this dilute bile from the common 
duct is termed “A bile.” 

At the end of twenty-four hours, the animal was killed and the liver, gall- 
bladder and common duct were removed intact. This was done in order to be 
certain that the cystic blood vessels were not included in the ligature around the 
cj-stic duct, and that no accessory bile ducts were communicating with the gall- 
bladder. If either of these errors was found, the experiment was discarded. 

If the blood vessels were found intact and the gallbladder was completely 
isolated, the biliarj- contents were carefully removed into a small beaker. This 
was done in such a fashion as not to scrape the mucosa, so that a small portion 
of the thick inspissated bile was invariably left adherent to the mucosa. 

The bile was constantly found to be dark, inspissated and partly precipitated 
at the end of twenty-four hours. Approximate measurements showed it to be 
concentrated from two to three times its original volume. This thick viscid bile 
removed at the end of twenty-four hours is termed the “B bile.” 

By estimating the total quantity of cholesterol in the A bile and comparing it 
with the total quantity in the B bile, values are obtained which throw definite 
light on the cholesterol function of the normal gallbladder during the process of 
concentration of hepatic bile. 

Analysis of the bile cholesterol by the colorimetric method described in the 
literature was found to be difficult owing to the yellow discoloration present in 
the extracts. Eventually the method employed was as follows : 

A measured quantity of bile was placed into a 100 cc. beaker, and 10 cc. of 
20 per cent potassium hydroxide was added. The contents were heated in a water 
bath for thirty minutes, and 10 cc. of a 30 per cent calcium chloride solution was 
then slowly added, with constant stirring. Plaster of paris was then added and 
thoroughly mixed with the contents, which were then dried at 55 C. Extraction 
was carried out for ten hours in a Soxhlet apparatus, anhydrous ether being used. 
The ether containing the cholesterol was then poured into a small beaker and the 
flask rinsed three times with small quantities of fresh ether. After the ether had 
evaporated at room temperature, the dry residue was extracted with hot chloro- 
form and an appropriate portion of this compared colorimetricalK- by the 
Burchard-Lieberman reaction against a standard solution of cholesterol. By the 
addition of known amounts of cholesterol to the bile, the loss b 3 ' this method was 
never more than 6 per cent. 

However, as colorimetric estimations of cholesterol are regarded with some 
doubt by certain investigators, in dogs V, VII and VIII, the estimations of both 
A and B biles were carried out bj- the digitonin method exactly as described bj- 
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Gardner.’^ Portions of the A biles in tliese three cases were also determined 
by the colorimetric method, with the following; results ; 

Colorimetric Digitonin 

V A 10.86 mg. 8.85 mg. 

VII A 15.47 mg. 14.17 mg. 

A^III A 6.58 mg. 6,45 mg. 

This correlation between the two methods indicates that the colorimetric 
method used is sufficiently reliable for our purpose, ilost investigators have 
found the colorimetric method to yield slightly higher results than the digitonin 
method. 

EXPERIMENTAL DATA 

The results of the experiments are as follows: 

Dog /. — After the C 3 'stic duct had been ligated, 10 cc. of hepatic 
bile derived from the biliar}' fistula of another dog was injected into 
the gallbladder. Ten cubic centimeters of this bile was found to con- 
tain 3.5S mg. of cholesterol. At the end of twenty-four hours, the 
animal was killed and the gallbladder removed. Only 2 or 3 cc. of 
thick, dark viscid bile (B bile) was found inside the gallbladder; on 
analysis, this material was found to contain a total of 5.46 mg. of choles- 
terol. This represents in twenty-four hours an increase of 1.88 mg., or 
52 per cent, of cholesterol in the contents of the gallbladder. Two facts 
must be noted; in the first place, only 10 cc. of bile was introduced, and 
secondly, the A bile had a fairly high cholesterol concentration, 35.85 
mg. per hundred cubic centimeters of bile. 

Dog II . — In a similar way, this animal had 31 cc. of hepatic bile 
(A bile) containing 7.05 mg. of cholesterol introduced into the gall- 
bladder. At the end of twenty-four hours, estimation of the contents 
of the gallbladder showed a total of 28.69 mg. of cholesterol, an increase 
of 21.64 mg., or 307 per cent. In this case three times as much A bile 
was used as in the previous animal, and in addition the concentration 
of cholesterol in the A bile was much less, being only 22.75 mg. per 
hundred cubic centimeters of bile. 

Dog III. — Twenty-nine cubic centimeters of hepatic bile, containing 
5.69 mg. of cholesterol, was injected into the 'gallbladder. At the end 
of twenty-four hours, 14.76 mg. of cholesterol was recovered from the 
concentrated contents, an increase of 9.07 mg., or 159 per cent. 

Dog IV. — Twenty-five cubic centimeters of hepatic bile containing 
3.35 mg. was injected into the gallbladder, and at the end of twenty-four 
hours 16.23 mg. was recovered, an increase of 12.88 mg., or 384 per 
cent. It may be interesting to note that the concentration of the A bile 
was quite low, being only 13.42 mg. per hundred cubic centimeters of 
bile. 

13. Gardner, J. A., and Gainsborough, H. : Biochem. J. 21:130, 1927. 
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Dog V . — Fifty cubic centimeters of hepatic bile containing 8.85 mg. 
of cholesterol (as estimated b)' the digitonin method) was injected 
into the gallbladder, and at the end of twenty-four hours the thick 
viscid bile, only about one fourth of its original quantity, was found to 
contain a total of 29.14 mg. of cholesterol by weight (digitonin). The 
increase was 20.29 mg., or 229 per cent. 

Dog VI. — ^Twenty-five cubic centimeters of hepatic bile, containing 
5.01 mg. of cholesterol, was injected. This bile was allowed to remain 
in tlie gallbladder for thirty-eight hours. At the end of this period, 
extremely thick precipitated bile was found to contain a total of 31.26 
mg. of cholesterol, an increase of 26.25 mg., or 524 per cent. 

Dog VII . — This animal was treated in a manner similar to the 
preceding ones with the exception that, for ten days previous to injec- 
tion, 2 Gm. of cholesterol was added daily to the food in order to raise 
the cholesterol content of the blood. It has been shown that this content 
can be easily raised in rabbits by a high cholesterol diet.^ There is 
some doubt, however, whether hypercholesterolemia can be produced 
in omnivorous animals. Lemoine and Gerard and Rothschild and 
Rosenthal have produced evidence that such hypercholesterolemia can 
occur. We have found it to be so in the case of dogs. Thus, on feeding 
two dogs, each weighing about 15 Kg., 1 Gm. of cholesterol daily in 
their food, the cholesterol content of the blood was approximately 
doubled in one week; in one case it rose from 77 to 155 mg. per 
hundred cubic centimeters of bile and in the other case from 99 to 
208 mg. At the time of operation, 24 cc. of hepatic bile (derived 
from another dog with a biliarj- fistula), containing 6.45 mg. of choles- 
terol, was introduced into the emptied gallbladder. At the end of 
twenty-four hours, 35.85 mg. of cholesterol was recovered from the 
contents of the gallbladder, an increase of 29.4 mg., or 455 per cent. 
From this it would seem that raising the concentration of the choles- 
terol in the blood increased the amount of cholesterol entering the 
gallbladder. 

Dog VIII . — In this animal, instead of the cholesterol of the blood 
being raised, the cholesterol of the hepatic bile was raised by adding an 
excess of sterilized cholesterol to a flask containing sterile hepatic bile 
and shaking this everj^ few hours for two days. Prior to the operation, 
the bile was carefully decanted and filtered through several la 3 'ers of 
sterile gauze to prevent anj- particles of cholesterol from being present 
in the solution. This procedure raised the A bile cholesterol to 47.24 
mg. per hundred cubic centimeters of bile. Thirty cubic centimeters 

14. Lemoine and Gerard: Bull, et mem. Soc. med. de hop. de Paris 33:931, 
1912. 

15. Rothschild, M. A., and Rosenthal. X.: .-Vm. J. M. Sc. 152:394, 1916. 
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of this bile, containing 14.17 mg. of cholesterol, was introduced into 
the gallbladder. At the end of twenj^-four hours, 27.85 mg. of choles- 
terol was recovered, an increase of 12.68 mg., or 89.5 per cent. This 
result indicates that raising the cholesterol of the bile without raising 
that of the blood decreases the amount of cholesterol passing into the 
bile of the gallbladder. 

The majority of animals used for these experimental purposes are 
not listed, owing to the fact that at the end of twenty-four hours the 
wall of the gallbladder in some instances was found to be inflamed or 
gangrenous in histologic sections; in others, the results were discarded 
owing to interference with the blood supplj'' or to the presence of 
aberrant hepatic ducts emptying into the gallbladder above the ligature, 
occluding the cj'stic duct. Onl}’’ the few animals in which no inflam- 
mator}’’ changes were seen in the histologic sections of the gallbladder 
wall are listed in this article. 

Table 1. — Results in Experiments on Eight Dogs 


Mg. per lOO Cc. 



Dura- 

tion, 

Hours 

.Amount, Cc. 

of Bile 

1 

Amount 

, Mg. 

Cbangc, 

Mg. 

Percental 

Change 

Dog 

A 


i — — 

A 

> 

B‘ 

A 

B 

I 

24 

10 

3 

35.85 

182 

3.58 

5.4C 

1.8S 

52.0 

II 

24 

31 

12 

22.75 

230 

7.03 

23.C9 

21.04 

307.0 

in 

24 

29 

14 

19.61 

105 

5.C9 

14.70 

9.07 

159.0 

IV 

24 

25 

11 

13.42 

147 

3. S') 

10.23 

12.8S 

334.0 

V 

24 

60 

16 

17.7 

194 

8.85 

29.14 

20.29 

229.0 

VI 

8S 

25 

10 

20.05 

312 

5.01 

31.20 

20.25 

524.0 

VII 

24 

24 

10 

26.85 

35S 

0.45 

35.85 

29.4D 

455.0 

VIII 

22 

30 

15 

47.24 

1S5 

14.17 

27.S5 

12 .es 

89.5 


* Approximate. 


Table 1 gives the main points in the foregoing experiments. 

From table 1 it would appear that cholesterol passes into the bile of 
the gallbladder from without. It will also be noticed that the cholesterol 
concentration of B bile is only approximate, as it is difficult to measure 
the B bile accurately after concentration and precipitation has taken 
place. Nevertheless, it is interesting to note that the milligrams of cho- 
lesterol per hundred cubic centimeters in the B bile approximately 
corresponds to the average blood cholesterol content of the dog. The fol- 
lowing four experiments bring this point out more clearly, as in these 
animals accurate readings of the cholesterol content of the blood were 
taken during the twenty-four hours that the experiment was taking place. 
It has been found that the cholesterol content of the blood of these dogs 
may vary greatly within short intervals, so it was necessary to check the 
blood at the beginning and the end of the period of concentration of 
the A bile. 

In dogs IX and X no effort was made to raise the cholesterol content 
of the blood, but cholesterol was added to the bile. 
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It \vas found that the solubility of cholesterol in bile depends on the 
percentage of bile salts present ; thus, by adding increasing percentages 
of sodium taurocholate and excess cholesterol to different portions of 
a sample of bile, the amount of cholesterol dissolved was raised pro- 
portionately to the percentage of bile salts : 

Cholesterol per 
100 Cc. Bile 


Bile + excess cholesterol 23.0 rag. 

Bile + 1% sodium taurocholate + cholesterol 37.4 rag. 

Bile -h 2% sodium taurocholate + cholesterol CO.C mg. 

Bile + 10% sodium taurocholate cholesterol 363.0 mg. 


Dog IX . — Our procedure was to add sterile sodium taurocholate 
and cholesterol to sterile hepatic bile, until a high concentration of 
cholesterol dissolved in the bile was reached ; the excess cholesterol was 
removed by filtration, and the concentration of cholesterol was found to 
be 184.9 mg. per hundred cubic centimeters of bile. The cystic duct 
was occluded as before, and 25 cc. of this A bile, containing 36.98 mg. 
of cholesterol, was introduced into the emptied gallbladder. At the end 
of twenty-four hours the animal was killed, and approximately 8 cc. of 
concentrated bile containing 12.5 mg. of cholesterol was removed from 
the gallbladder, indicating a loss of 24.48 mg. of cholesterol during 
the period of twenty-four hours. In other words, 8 cc. of B bile con- 
tained 12.5 mg. of cholesterol, corresponding to a concentration of 
approximately 156 mg. of cholesterol per hundred cubic centimeters of 
bile. The cholesterol of the blood throughout this experiment averaged 
170.5 mg. per hundred cubic centimeters of blood, indicating that the 
loss of cholesterol from the gallbladder resulted in a final concentration 
of the cholesterol of the bile corresponding to that of the blood stream. 

Dog X . — As in dog IX, A bile with an artificially high concentration 
was used. Twenty-five cubic centimeters containing 34.37 mg of 
cholesterol (or 137.5 mg per hundred cubic centimeters of bile) was 
injected. At the end of twenty-four hours, approximately 8 cc. of bile 
was recovered, which contained only 14.6 mg. of cholesterol (an 
approximate concentration of 182.5 mg. per hundred cubic centimeters 
of bile). The average cholesterol content of the blood throughout the 
experiment was 163.5 mg. per hundred cubic centimeters of blood. In 
this case there was a loss of 19.77 mg. of cholesterol from the gall- 
bladder, resulting in a final cholesterol concentration of the bile approxi- 
mately equal to that of the blood. 

Dog XL — This animal was fed 2 Gm. of cholesterol daily, which 
was mixed with its food. On the sixth day. at the time of operation, 
the cholesterol content of the blood was 366 mg. per hundred cubic 
centimeters of blood. At the end of twenty-four hours, it was 296 mg., 
giving an average cholesterol content of the blood during the period 
of bile concentration of 330 mg. After the cystic duct was ligated and 
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the gallbladder emptied, 25 cc. of hepatic bile derived from a biliar}' 
fistula of another dog, containing 8.32 mg. of cholesterol (or 33.3 mg. 
per hundred cubic centimeters of bile), was introduced into the gall- 
bladder. After twenty-four hours, approximately 8 cc. of bile remained, 
which on anal 3 -sis contained 25 mg. of cholesterol (or 312.5 mg. per 
hundred cubic centimeters of bile). The increase by weight of choles- 
terol at the end of twent 3 ’-four hours was 16.68 mg. The final con- 
centration of cholesterol in the bile was approximate!}' 312.5 mg. per 
hundred cubic centimeters, whereas the average concentration of choles- 
terol in the blood stream throughout the experimental period was 330 
mg. per hundred cubic centimeters of blood. These figures suggest a 
close relationship between the two. 

Dog XII . — The cholesterol content of the blood of this dog was 
raised to an. average of 425 mg. b}- the measures that were employed 
in dog XI. Fourteen cubic centimeters of hepatic bile, containing 3.78 
mg. of cholesterol (or 27 mg. per hundred cubic centimeters of bile). 

Table 2. — Results of E.x-pcnments on Dogs IX. X, XI and XII 


Me. per lOO Cc. Blood 

Burn- .Amount, Cc. of Bllc Amount, Me. Cholesterol, 


Dog 

tion, f 
Hours 

A 


A 


A 

B 

Change, ! 
Mg. 

Percentng 

Change 

e Mg. Vo 
Average 

E 

24 

25 

S 

ISLO 

15C.0 

sc.os 

12.5 

— 24.4S 

— G6,0 

170.5 

S 

24 

23 

S 

137.5 

102.3 

34.37 

14.C 

—10.77 

— 57.5 

163.5 

XI 

24 

25 

s 

S3.3 

312.3 

S.S2 

25.0 

-i-lG.es 

+200.0 

330.0 

xir 

24 

14 

s 

27.0 

430.0 

S.7S 

12.0 

•f 0.12 

-h2«.0 

425.0 


* .Approximate. 


was introduced into the prer-iousl}' emptied gallbladder Avith the C3'stic 
duct occluded. At the end of twent 3 '-four hours, approximate!}’ 3 cc. 
of bile was recovered, which contained 12.9 mg. of cholesterol (or 
430 mg. per hundred cubic centimeters of bile). This shows an 
increase by weight in twenty-four hours of 9.12 mg. The cholesterol 
concentration of the bile was raised from 27 mg. to approximately 
430 mg. per hundred cubic centimeters of bile, corresponding closely 
to the aA'erage cholesterol content of the blood of 425 mg. per hundred 
cubic centimeters of blood. 

The results of the last four experiments are shown in table 2. 

COMMENT 

From the foregoing experiments it would appear that in normal dogs 
cholesterol passes into the bile of the gallbladder from without; that 
is, the cholesterol is derived in some Avay from the wall of the gall- 
bladder and deposited in the bile. It would also seem logical to assume 
that the cholesterol is brought to the gallbladder by the blood stream. 
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It sliould be remembered that in this work the technic that was 
employed corresponds closely to the normal physiologic process. 
Normally, the gallbladder receives dilute hepatic bile. While in con- 
tact with the mucosa of the gallbladder, this bile is rapidly concentrated, 
principal!}' by the removal of water. Changes in the other constituents 
of the bile that take place within the gallbladder most likely occur 
concomitantly with the absorption of the water. 

The experimental method imitates closely the physiologic process so 
far as normal hepatic bile is placed in contact with the mucosa of the 
gallbladder, and concentration of this bile is allowed to proceed for 
twenty-four hours. In other words, under controlled quantitative con- 
ditions the normal process is reproduced, aside from the fact that the 
gallbladder is not continually receiving hepatic bile owing to the artificial 
occlusion of the cystic duct. 

Before proceeding further, it should be mentioned that two minor 
inaccuracies are present in this work. First, when the bile is with- 
drawn from the gallbladder in the initial procedure, a small quantit}' 
of this bile is undoubtedly left in the gallbladder, which is not included 
in the determination of A bile. Second, when the gallbladder is removed 
to recover the B bile, a certain amount is also left adherent to the 
mucosa, which, of course, does not enter into the determination of 
cholesterol. The latter error is unavoidable, as any washing or scraping 
of the mucosa would be apt to remove some of the delicate membrane, 
and the cholesterol content of the cells would then be included in the 
calculations. It is, however, self-evident that these are but slight errors, 
and in any case the one tends to offset the other. 

A careful analysis of the figures in table 1, aside from indicating 
that cholesterol normally passes from the blood stream into the bile 
through the wall of the gallbladder, brought up a further interesting 
observation. The question arose as to whether cholesterol enters the 
bile of the gallbladder by active secretion or merely by ordinar}' filtra- 
tion. If cholesterol enters the gallbladder by filtration, this process 
should be dependent on the ratio Ijetween the cholesterol content of the 
blood and the bile, and it may be seen from the figures already given 
that the amount of cholesterol entering the gallbladder apparently does 
depend (to at least a great extent) on this ratio. In dog \’II. which 
was fed a high cholesterol diet to produce hypercholesteremia, a large 
increase of cholesterol is found in the bile at the end of twenty-four 
hours. If, on the other hand, the cholesterol content of the bile is high 
and that of the blood normal, there is a much smaller interchange of 
cholesterol at the end of a given time. This fact is well demonstrated 
in dog VIII, in which cholesterol was artificially added to the A bile, 
resulting in a very small increase at the end of twenty-four hours. 
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Further, as Illingworth * and Boyd have shown, if very high concentra- 
tions of cholesterol are introduced into the gallbladder (that is, higher 
than the blood) it tends to disappear from the bile of the gallbladder. 

Thus in dogs II, III, IV and V, with an average A bile of 18.37 mg. 
per hundred cubic centimeters of bile, the average increase of choles- 
terol was 269 per cent at the end of twenty-four hours. In dog VII, 
which was fed a high cholesterol diet, the increase was 455 per cent. 
In dog VIII, on the contrary, in which the cholesterol of the blood was 
probably normal and in which the cholesterol of the hepatic bile was 
artificially raised, the actual increase in twenty-four hours was only 
89.5 per cent. It therefore seemed logical to assume the possibility that 
if the cholesterol concentration of the bile should be higher than that 
of the blood, cholesterol would pass from the bile into the blood stream. 

With these facts in view, it was decided to perform a series of 
experiments in which the cholesterol content of the blood was care- 
full}' estimated along with that of the bile. As may be seen by table 2, 
observations were made on two animals (dogs IX and X) in which the 
cholesterol content of the bile was artificially raised, with that of the 
blood remaining within normal limits; on two other animals (dogs XI 
and XII), the cholesterol content of the bile was more or less normal, 
but that of the blood was definitely raised by feeding a high cholesterol 
diet. In studying table 2, it is interesting to note that the B bile, 
irrespective of the concentration of the A bile, tends to approach an 
equilibrium with the cholesterol content of the blood. Two factors 
are involved in the production of this apparent equilibrium: (1) the 
reduction in volume of the A bile by the absorption of fluid; (2) the 
interchange of cholesterol between the bile and the blood stream, one 
way or another. 

Dog XII, in which there was marked concentration, is a good 
example of both these points, the bile being concentrated from 14 to 
3 cc. in twenty-four hours by the absorption of fluid. The 14 cc. of bile 
injected contained 3.78 mg. of cholesterol. If this amount of chole- 
sterol remained constant and reduction in volume by removal of water 
were the only factor, the final 3 cc. of bile would have a cholesterol con- 
centration of 127 mg. per hundred cubic centimeters of bile. Actually 
the final cholesterol concentration of the B bile was 430 mg. per 
hundred cubic centimeters of bile, which corresponds closely to that of 
the blood (425 mg. per hundred cubie centimeters of blood). We may 
therefore assume that this result was attained by the passage of choles- 
terol from the blood stream into the bile. In other words, although the 
absolute increase by weight of cholesterol in twenty-four hours was 
small (9.12 mg.), the combined effect of reduction in volume and of 
addition of cholesterol was to raise the cholesterol concentration of the 
B bile to a level with that of the blood. 
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In dogs IX and X, the equilibrium of cholesterol concentration 
between the blood and the bile was attained by the loss of cholesterol 
from the bile, compensating for the increased concentration due to the 
loss of fluid. Thus in dog IX the A bile concentration was 184.9 mg. 
per hundred cubic centimeters of bile (25 cc. containing 36.98 mg.), 
slightly higher than that of the blood (170.5 mg. per hundred cubic 
centimeters of blood) . As before, if concentration were the only factor 
involved, the final 8 cc. of bile would show a concentration of 462.25 
mg. of cholesterol per hundred cubic centimeters of bile. Actually, the 
final cholesterol concentration was only 156 mg. per hundred cubic 
centimeters of bile, approximating that of the blood. This result could 
be attained onh' by a loss of cholesterol from the bile of the gallbladder. 

CONCLUSIONS 

1. In normal animals, with the cystic duct tied, when the cholesterol 
concentration of the bile is lower than that of the blood, cholesterol 
passes from the blood through the mucosa of the gallbladder into the 
bile. 

2. When the cholesterol concentration of the bile is higher than that 
of the blood, cholesterol passes from the bile through the mucosa of 
the gallbladder into the blood stream. 

3. The amount of cholesterol passing through the mucosa and the 
direction of its passage apparently depend on the blood-bile cholesterol 
ratio. 



EFFECTS ON COMPOSITION OF BLOOD OF PHYSIO- 
LOGIC SOLUTION OF SODIUM CHLORIDE 
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This paper is a continuation of previously reported studies ^ of the 
effects of the administration of fluids to animals with low blood pres- 
sure. In the previous studies, fluid was administered intravenously and 
subcutaneously. The changes observed in the protein content of the 
blood were considered important. The present studies were carried out 
in order to determine the effects of physiologic solution of sodium 
chloride when introduced by intraperitoneal injection and by stomach 
tube into animals with low blood pressure. The subcutaneous injection 
of histamine and graded bleeding were the methods used to produce low 
blood pressure. 

METHODS 

All of the experiments were carried out on dogs tJiat were anesthetized with 
morphine. They gave no evidence of pain during the experiments. Shortly fol- 
lowing the administration of the anesthetic, the blood volume was determined by 
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the dye method,- and samples of blood were withdrawn for the control determina- 
tions. Phj'siologic solution of sodium chloride was then introduced intraperitone- 
ally or by stomach tube. When introduced into the peritoneal cavit}', it was 
injected through a needle at a constant rate of 10 cc. per kilogram of body weight 
per hour for four hours. Samples of blood were removed for the analyses one, 
two and one-half and four hours following the beginning of the injection of fluid, 
and one and one-half and three hours following its completion. When given bj' 
stomach tube, one half of the amount, equal to 10 cc. per kilogram of body weight 
per hour for four hours, was given at the beginning of the experiment, and the 
remainder at the end of two hours. At the completion of the experiment, the 
amount of fluid remaining in the stomach or peritoneal cavity was measured. 
Following the withdrawal of a sample of blood, it was replaced by an equal 
amount obtained from another dog. 

Experiments were first performed in which the effects of administration of 
fluids to normal dogs bj’ the methods described were determined. In subsequent 
experiments the blood pressure was caused to decline by the withdrawal of blood 
from the femoral vein at interi-als at the rate of 10 cc. per kilogram of body weight 
per hour for four hours. In the experiments in which the decline in pressure 
was produced by histamine, a solution of 0.1 per cent histamine phosphate was 
injected in sufficient amounts to maintain a depression of the blood pressure. 

The hemoglobin was determined by the method described by Cohen and Smith.® 
Van Allen tubes were used for the hematocrit readings. The blood for protein 
analyses was allowed to clot, and the determinations were carried out on blood 
serum. The proteins were partitioned by the use of 22.2 per cent sodium sulphate, 
as recommended by Howe,^ and the total protein content, the albumin content and 
the globulin content of each sample were determined by the Macro-Kjeldahl 
method, according to Gunning’s modification.® On the basis of the original blood 
volume determined directly by the dye method, changes in blood volume were 
calculated from alterations in the hemoglobin. From the hematocrit estimations, 
the relative volumes of red blood cells and of plasma could be calculated. The 
absolute amount of protein in the circulation was calculated from protein per unit 
volume and plasma volume. 

RESULTS 

1. Effects on the Composition of the Blood of Continuous Injection 
of Physiologic Solution of Sodium Chloride into the Peritoneal Cavity. 
— A. When the Blood Pressure Remained at a Normal Level: Three 
experiments were carried out, the results of which were entirely similar. 
There was a definite increase in plasma volume in each experiment, and 
a slight decrease in the amount of protein per unit volume. There was 
a small increase in the calculated absolute amount of protein in the entire 

2. Rowntree, L. G., and Brown, G. E. : The Volume of the Blood and Plasma 
in Health and Disease, Mayo Clinic Monographs, Philadelphia, W. B. Saunders 
Company, 1929. 

3. Cohen, B., and Smith, A. H. : The Colorimetric Determination of Hemo- 
globin, J. Biol. Chem. 39:489, 1919. 

4. Howe, P. E. : The Determination of the Proteins in Blood, J. Biol. Chem. 
49:109, 1921. 

5. Gunning, J. W. : Ueber eine Modification der Kjeldahl-Methode, Ztschr. 
f. anal. Chem. 28:188, 1889. 
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circulation. The changes in albumin and globulin were parallel to those 
in the total protein. In the three experiments, the average amount of 
fluid absorbed from the peritoneal cavity was 34 per cent of that injected. 
The results of these experiments are shown in table 1. 

B. When the Blood Pressure Is Lowered by the Subcutaneous 
Administration of Histamine: The results of these experiments, of 
which there were three, differ considerably from those of the controls. 
There was a diminution in the amount of blood plasma in the circulation 
in all experiments. The percentage of protein per unit volume of plasma 
changed little. There was definite diminution in the absolute amount of 
plasma protein. The results of these experiments are given in table 2. 

C. When the Blood Pressure Is Lowered by Hemorrhage: Two 
experiments were performed. The results obtained were essentially the 
same in each. The diminution of plasma volume was less than the 
amount present in the blood that was removed. There was a slight 
decrease in the percentage of protein. The absolute amount of protein 
in the circulation decreased, but if correction is made for the amount of 
protein removed in the blood a slight gain was shown. These figures 
are placed in brackets in the tables. An average of 24 per cent of the 
fluid placed in the peritoneal cavity during the two experiments was 
absorbed. The results of these experiments are shown in table 3. 

II. Effects on the Composition of the Blood of Introduction of 
Physiologic Solution of Sodium Chloride info the Stomach. — A. When 
the Blood Pressure Remains at a Normal Level : The administration of 
physiologic solution of sodium chloride by stomach tube to dogs the 
blood pressure of which remained at essentially the normal level 
throughout the experiment caused little alteration in the percentage of 
protein of the blood serum. The results of one of the three experiments 
showed considerable loss of plasma during the experiment and a com- 
parable loss of total protein. There was a slight increase in plasma 
volume in one experiment and a very slight diminution in the other. In 
the former, the absolute amount of protein in the circulation at the end 
of the experiment was almost exactly the same as at the control period, 
while in the latter, 2 Gm. of protein was lost during the seven hours. 
The results of these experiments are shown in table 4. 

B. When the Blood Pressure Is Caused to Decline by the Subcutane- 
ous Administration of Histamine: In both experiments of this series 
there was definite and considerable diminution in the plasma volume and 
comparable loss of protein. The protein per unit volume remained con- 
stant, and these results are essentially identical with those obtained when 
histamine is injected and no fluid is administered. Almost as much fluid 
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was found in the stomach of tliese dogs at the end of the experiment as 
was placed in them during the experimental period. The results of 
these experiments are given in table 5. 

C. When the Blood Pressure Is Caused to Decline as the Result of 
Hemorrhage: It is perhaps significant that the animals in these two 
experiments neither tolerated the withdrawal of 10 cc. of blood per kilo- 
gram per hour for four hours nor lived through the usual seven hours of 
the experiments. The absolute amount of plasma protein in the circula- 
tion decreased, but this loss was accounted for by the protein in the with- 
drawn blood. The percentage of protein per unit volume of' serum 
remained practically constant. The volume of blood plasma decreased 
rather markedly. Almost all of the fluid placed in the stomachs of these 
dogs was recovered at the end of the experiments. The results of these 
experiments are shown in table 6. 

COMMENT 

The usual methods by which fluids are administered are intra- 
venously, subcutaneously, intraperitoneally, by mouth and by rectum. 
In previous studies,^ the effects on the composition of the blood of the 
administration of various fluids intravenously and of physiologic solu- 
tion of sodium chloride subcutaneously to animals with a normal blood 
pressure and to those in which a decline in blood pressure had been 
produced by several means were determined. Particular emphasis has 
been placed on alterations in the percentage and absolute amounts of 
plasma protein, because protein maintains to a large degree the osmotic 
pressure of the blood stream. It has been shown previously ® that the 
fluid that escapes from the blood stream as a result of trauma to the 
intestines, mild trauma to an extremity and burns has approximately the 
same protein content as the plasma of the blood stream. The introduc- 
tion of physiologic solution of sodium chloride intravenously and of 
most of the other solutions frequently used in the treatment of shock 
caused little alteration in the composition of the blood when injected 
into dogs with normal blood pressures. When a decline in blood pres- 
sure was produced b}' hemorrhage and fluids were injected intravenously, 
the loss of protein was limited to that removed in the withdrawn blood. 
On the contrary, the intravenous injection of fluid into animals in which 
gross capillar}^ injurj^ had been inflicted by either mechanical or chemical 
means resulted in a loss of most of the fluid that was injected and in 
addition, in a decrease in the percentage of protein in the plasma remain- 
ing in the blood vessels, ^^dle^ salt solution was injected subcutaneously 

6. Beard, J. W., and Blalock, A. : Experimental Shock. VIII. The Composi- 
tion of the Fluid that Escapes from the Blood Stream After Mild Trauma to an 
Extremity, .A.fter Trauma to the Intestines and After Burns, .-kreh. Surj. 22:617 
(.•\pril) 1931. 
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into normal animals, there was little alteration in the composition of the 
blood. The subcutaneous injection of physiologic solution of sodium 
chloride into animals from which blood was removed was not associated 
with any additional loss of protein. In some instances there was a 
slight increase in the absolute amount of plasma protein if correction is 
made for the amount removed. When the subcutaneous injection of 
salt solution was accompanied by injury to large areas of capillaries, 
there was a large loss of protein from the circulation but that remaining 
was not diluted greatl}', as was found in the experiments in which the 
fluid was given intravenously. 

The results of the present experiments in which physiologic solution 
of sodium chloride was injected into the peritoneal cavity are similar to 
those that were obtained in the studies in which the fluid was injected 
subcutaneousl3^ If any difference is present, it is in favor of the more 
rapid absorption b}' the blood stream of the fluid that was placed in the 
peritoneal cavity. 

When, however, the salt solution was placed in the stomach, the 
results were similar to those obtained when no fluid was administered 
by any route. Studies of the composition of the blood indicated little 
if any absorption of the fluid that was placed in the stomach. It is 
possible that the morphine that was used as the anesthetic might have 
diminished the absorption of the fluid. 

SUMMARY 

The effects on the composition of the blood of the introduction of 
ph3fsiologic solution of sodium chloride intraperitoneall3' and b3' stomach 
tube into normal dogs and into dogs in which a decline in blood pressure 
was produced by hemorrhage and by histamine have been determined. 
The studies include'd determinations of the arterial blood pressure, the 
percentage of hemoglobin, the concentration of the red blood cells, the 
volumes of whole blood, red blood cells and plasma, and the percentages 
of total protein, albumin and globulin in the blood serum. 

The introduction of physiologic solution of sodium chloride into the 
peritoneal cavity of the normal dog was associated with an increase in 
the volume of plasma, a slight dilution of the protein of the plasma and 
a small increase in the absolute amount of plasma protein. When the 
blood pressure was caused to decline by giving histamine subcutaneously 
and salt solution was injected into the peritoneal cavity, there was a 
diminution in the volume of plasma and in the absolute amount of 
plasma protein. The percentage of protein per unit volume of plasma 
changed very little. The removal of blood and the introduction of salt 
solution intraperitoneally were associated with decreases in the plasma 
volume and in the absolute amount of plasma protein. However, the 
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losses of protein and plasma were less than the amounts removed in the 
hlood. There was a slight dilution of the protein remaining in the circu- 
lation. The findings in these experiments in which the fluid was intro- 
duced intraperitoneally were similar to those obtained following the 
subcutaneous injection of solution. 

The experiments in which physiologic solution of sodium chloride 
was introduced by stomach tube into normal dogs and into dogs with a 
low blood pressure showed no appreciable effects of the administration 
of fluid. 



ABSORPTION OF DEXTROSE FROM THE COLON 
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PHIL^VDELPHtA 

The ease with which fluids can be introduced through the rectum 
into the colon has resulted in the widespread use of this method for the 
administration of a variety of substances. There is undoubtedly a 
paucity of evidence from carefully controlled experiments on the ability 
of the colonic mucous membrane to absorb protein, fat or carboh3-drate. 
It is well known that the rectal administration of ether results in general 
anesthesia. More recently the success with which narcosis may be 
produced by the rectal administration of sodium am3’^tal and avgrtin 
proves that fairly complicated molecules may be absorbed by the mucosa 
of the large bowel. The sedative effect produced by the colonic 
administration of chloral hydrate or sodium bromide is a well estab- 
lished clinical phenomenon. The bromide ion, when administered 
rectally in sufficient amounts, can be recovered from the urine, the sweat 
and the lacrimal secretions. Recently. Cohn,^ in this ]aborator3’', found 
that iodine is readily absorbed from the colon. 

The nutritive substance most often given either by rectal drip or 133 ’’ 
massive colonic instillation is dextrose. It supplies a variety of needs 
in the body economy. The evidence of its utilization when given into 
the large bowel has until recently been rather meager. Every textbook 
of therapeutics stresses the efficac3' of administering dextrose by rectum 
to those patients requiring carboh3'drates in instances in which the oral 
route cannot be used. No chapter on diabetes misses the opportunity 
of mentioning that dextrose may be administered by proctoclysis when 
necessar3^ In most surgical clinics the method has been used when- 
ever the use of dextrose has been indicated and its administration by 
any other route has been inadvisable. The evidence on the total caloric 
value of the dextrose that can be absorbed from the large bowel is 
quite indefinite. 

From the Laboratory of Research Surgery and the Department of Surgery 
(Division C), University of Pennsylvania. 

1. Cohn, B. N. E. : The Absorption of Compound Solution of Iodine from the 
Gastro-Intestinal Tract with Special Reference to Absorption of Free Iodine, 
Arch. Int. Med. 49:950 (June) 1932. 
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Recently, experimental data published by McNealy and Willems ^ 
and b}’ Scott and Zweighaft ^ question the ability of the large bowel to 
absorb dextrose. The experiments of IMcXeal}' and Willems were 
carried out on the colon of the dog. The large rectal ampulla was not 
utilized. Because of this, similar experiments have been performed, 
the entire colon and rectum being used — a method employed by Gold- 
schmidt and Dayton in their sodium chloride experiments. These 
studies have been extended to include a study of the degree to which 
the pancreatectomized dog with hyperglycemia and the hypoglycemic 
animal will absorb dextrose from the same portion of the alimentarj- 
tract. It is hoped that the present experiments will enhance our 
knowledge of the advisability and efficacy of administering dextrose 
by the rectal route as a therapeutic measure in the diabetic and non- 
diabetic patient. The step from the laboratory' animal to the human 
patient is not so great but that some comparisons can be drawn. 

REVIEW OF THE LITERATURE 

The early literature is replete with a variety' of mixtures which were 
supposedly efficacious in maintaining life when given by the rectal 
route. How trustworthy these reports are cannot be stated. 

Voit and Bauer ® performed the first systematic research on the 
absorptive mechanism of the colon. Their experiments were performed 
with albumin, and they stated that the addition of sodium chloride 
assisted in the absorption of that substance. Czerny' and Latschen- 
berger ® reported studies on two patients in whom the entire large 
intestine, or part of it, had been completely' cut off fronr the small 
intestine. In these they obtained evidence which indicated that dextrose 
was absorbed. Deucher ' reported that he gave five enemas to a patient 
during nineteen hours, each containing 40 Gm. of dextrose. One 
hundred and fifty'-four grams of dextrose was absorbed, constituting 
77 per cent of the amount introduced. Reach,® experimenting with 
normal men, found that there was a slight rise in the respiratory- 
quotient, which corresponded to a rise in the peripheral blood sugar 
after the rectal administration of dextrose. He assumed that there was 


2. McNealy, R. W., and Willems, J. D. : Surg., Gynec. & Obst. 49:794, 1929. 

3. Scott, E. L., and Zweighaft, J. F. B. : Blood Sugar in Man Following 
the Rectal Administration of Dextrose, Arch. Int. Med. 49:221 (Feb.) 1932. 

4. Goldsehmidt, S., and Dayton, A. B. : Am. J. Physiol. 48:419. 1919. Gold- 
schmidt, S. : Physiol. Rev. 1:421. 1921. 

5. Voit, C., and Bauer, J.: Ztschr. f. Biol. 5:537, 1869. 

6. Czerny, von V., and Latschenberger, J. : Virchows Arch. f. path. Anat'. 59: 
161. 1874. 

7. Deucher. P. : Deutsches Arch. f. klin. Ivicd. 58:210, 1897. 

8. Reach, F. : .Arch. f. expcr. Path. u. Pharmakol. 47:231, 1902. 
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some absorption of dextrose. Zehmisch,® working with liuinan beings, 
gave 152 Gm. of dextrose by rectum and lost 103 Gm. (67.5 per cent), 
supposedly by absorption. Arnheim gave 50 Gm. of dextrose by 
bowel to diabetic persons. He was able to recover only 3 Gm. of 
de.xtrose after a period of five hours. He did not believe that bacterial 
action could account for the dextrose that Iiad disappeared. Boyd and 
Robertson fed seven women on nutrient enemas for from six to 
seven days. Each da}' the bowel was washed out and the contents 
analyzed. Urinary nitrogen was used as a gage of the absorption of 
nitrogenous substances. They reported that in two cases 100 per cent 
of the introduced de.xtrose was absorbed. They lost as much as 61.8 
and 81 Gm. of dextrose during twenty-four hours, but recovered the 
bulk of the protein in the rectal washings. After having incubated 
dextrose solutions which were contaminated with colon bacilli, they 
concluded that the dextrose lost by bacterial action was insignificant. 
They were not able to produce dextrosuria with the amounts the}- 
administered. Halasz,'- working with patients, placed clysters in the 
large bowel and, in from five to six hours, found that from 50 to 
200 Gm. of the dextrose had disappeared. He accounted for only from 
0.5 to 1 per cent of the dextrose as lost by bacterial action. Mutch and 
Ryffell gave four enemas to each of several patients during a twenty- 
four hour period. Each enema consisted of 450 cc. of 6 per cent 
dextrose. ^Vhen the nutrient enemas were well tolerated, they increased 
the dextrose to 60 Gm. to the pint of solution. Using a “washout” 
method of e.xperimentation, they concluded that de.xtrose could be 
satisfactorily administered b}' this route to a maximum of 700 calories 
per day. Hari and Halasz,*^ working with dogs, placed a ligature 
around the ileocecal valve and, after the introduction of dextrose solu- 
tion into the rectum, found that the respiratory quotient was nearly 
always increased. The}' reported that they were able to produce actual 
dextrosuria after the rectal administration of dextrose to their animals. 
Tallerman gave dextrose enemas to seven normal persons and to one 
patient with functional vomiting. The solution consisted of 60 Gm. of 
dextrose in 180 cc. of physiologic solution of sodium chloride, or a 33 
per cent dextrose solution. He concluded that absorption took place 
uniformly, the maximum rise in blood sugar occurring in about one 

9. Zehmisch, F. : Ausnufzung von Nahrklystieren, Halle, C. A'ietsclimann, 
1903. 

10. Arnheim, J. : Ztschr. f. diatet. u. phys. Therap. 8:7S, 1905. 

11. Boyd, F. D., and Robertson, T. : Scottish M. & S. J. 18:193, 1906. 

12. Halasz, A. V.: Deutsches Arch. f. klin. Med. 98:433, 1910. 

13. Mutch, N., and Ryffell, J. H.: Guy’s Hosp. Rep. 66:223, 1912. 

14. Hari, P., and Halasz, A. V.: Biochem. Ztschr. 88:337, 1918. 

is' Tallerman, K. H.: Quart. J. Med. 13:336, 1919-1920. 
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hour and twenty minutes with an average rise of 30 mg. per hundred 
cubic centimeters of blood. Varela and Rubino stressed the necessity 
of exposing the dextrose solution to the rich venous plexus of the rectal 
ampulla. They placed 40 per cent dextrose solutions in the rectums 
of patients and tested the peripheral blood and urine for dextrose. 
The}' found that minute amounts were absorbed shortly after the 
dextrose was introduced, but that soon the colon became irritated and 
expelled the enema. Carpenter,*' in two experiments on human beings, 
gave 30 Gm. of dextrose in 500 cc. of physiologic solution of sodium 
chloride. Within two or three hours after the injection, the respirator}^ 
quotient changed from 0.02 to 0.05. He found that 17.5 Gm. of 
dextrose was absorbed in one instance and, in the other, 26.3 Gm.. 
Similarly, five hours after the administration of 60 Gm. of dextrose, 
he found that 34.6 Gm. had apparently been absorbed. The quantita- 
tive results were based on the “washout” method, using more than 
one lavage. 

Bingel investigated the absorption of dextrose in diabetic patients. 
He concluded that only small amounts of dextrose were absorbed. 
One hour after having placed 35 Gm. of dextrose in the bowel, 31 Gm. 
was recovered in the stool. Bingel incubated fecal material with added 
dextrose, and claimed that the dextrose lost was almost as great as 
that supposed to have been absorbed. 

Franke and Wagner gave concentrated enemas to dogs. They 
used 25 Gm. of dextrose in a 50 per cent solution. They determined 
the peripheral blood sugar at fifteen, thirty, forty-five and sixty minute 
intervals, and found the highest rise of blood sugar to be 20 mg. per 
hundred cubic centimeters. They concluded that dextrose enemas had 
little, if any, effect on the peripheral blood sugar. Levi gave dextrose 
to fasting normal, diabetic and postoperative patients. He used 500 cc. 
of from 10 to 16 per cent dextrose solutions and found that patients 
varied as to their reaction, but, in general, took up only slight amounts 
of the dextrose. 

]\'IcNealy and Willems, in 1929, working with isolated loops of the 
large and small bowel of the dog, gave this problem renewed interest. 
They introduced known amounts of dextrose into the colon or ileum 
and studied the changes quantitatively. They also studied the ileal, 
colic and peripheral venous blood sugar during the experiment. They 
used a 5 per cent de.xtrose solution and found that from 0.3 per cent 

16. Varela and Rubino; Med. Klin. 18:831, 1922. 

17. Carpenter, T. M. : Human Metabolism with Enemata of Alcohol, Dextrose, 
and Levulosc, publ. 369, V^ashington, D. C., Carnegie Institution, 1925. 

18. Bingel, A.: Therap. d. Gegenw. 46:436, 1903. 

19. Franke, W., and Wagner. R. J.: J. Metab. Research 6:375. 1924. 

20. Levi, D.; Brit. J. Surg. 15:282. 1927. 
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to as nuic]i as 2.6 per cent of the dextrose was lost from the large 
bowel, with a corresponding loss of from 23.3 to 59 per cent from the 
ileum over the same time interval. They found that the colic venous 
blood sugar fell, while the blood sugar from the ileal vein in the ileal 
experiments rose. They concluded that a 5 per cent dextrose solution 
was of little or no nutritional value when administered rectally. They 
suspected the presence of an incompetent ileocecal valve as the basis 
for some of the experimental and clinical success reported in the litera- 
ture. Later,-' they reported the effect of sodium chloride on dextrose 
absorption from the colon and found that, although the percentage of 
absorption was slightly greater, it was not sufficient to be of practical 
importance. 

Pressman -- gave 33 per cent dextrose solutions b}' rectum and by 
mouth to human beings and observed the blood sugar curves for a period 
of four hours. He found that the peripheral blood sugar level fell 
after the introduction of dextrose into the rectum without any significant 
preliminar}' rise. He recovered an average of 24 per cent from the 
colon after four hours. He stated that 90 per cent of the dextrose was 
destro 3 ’ed bt' incubation with feces in seven hours. De Takats,-^ in 
1931, gave 1,000 cc. of 5 per cent dextrose to patients under the skin, 
by mouth and b}' bo^^•el. The blood sugar level rose after introduction 
of de.xtrose under the skin and b}' mouth. When the dextrose was given 
by rectum, the blood sugar fell during a period of two hours. He 
noted that no dependence could be placed on the amount absorbed by 
rectum, and that insulin reactions occurred when this method of entry 
was depended on in the diabetic person. 

Scott and Zweighaft, in experiments on medical students, investi- 
gated the blood sugar changes following the rectal administration of 
dextrose. The}" found no rise in the peripheral blood sugar after the 
administration of 180 cc. of a 15 or 30 per cent solution of dextrose. 
The}" also found that, after the rectal introduction of 200 cc. of a 10 
per cent dextrose solution, the blood sugar level fell about 10 mg. per 
hundred cubic centimeters, while after the administration of 400 cc. of 
a 10 per cent dextrose solution the fall was about 7.5 mg. per hundred 
cubic centimeters. They concluded that the fall in blood sugar was 
due to pancreatic action or chance variation. They were able to 
recover from 25 to 50 per cent of the dextrose they had administered. 

Since this paper went to press, Perusse has published data that 
led him to make the following statement : “We can then perhaps come 

21. McNealy, R. W., and Willems, J. D. : The Absorption of De.xtrose from 
the Colon: II. A Study of the Effects of Chemical Excitants and of Stimulants 
of De.xtrose Enema, Arch. Surg. 22:649 (April) 1931. 

22. Pressman, J. J. : Am. J. M. Sc. 179:520, 1930. 

23. de Takats, G.: Am. J. Surg. 11:39, 193^1. 

23a. Perusse; Surg., Gynec. & Obst. 54:770, 1932. 
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to the tentative conclusion that 1 per cent glucose solution is the ideal 
for restoring water balance and for supplying some degree of nutrient.” 

COlIilENTS ox PREVIOUS EXPERIMEXTAL .'\XD CLIXICx\L 
OBSERVATIONS 

There are certain obvious objections to the methods used by some 
of the investigators whose work has been cited. The “washout” method 
has been widely criticized on the ground that it fails to consider 
adequately; (1) bacterial action on the introduced dextrose; (2) the 
fact that reverse peristalsis ma}" carrj' the solution be 3 'ond the reach of 
recovery, or even through an incompetent ileocecal valve into the ileum 
where absorption may occur. 

Recent investigations of the responsibility of bacterial action for the 
loss of some of the dextrose from the large bowel give contradictory- 
results. Cori,-^ in 1925, incubated the small intestines with known con- 
tained quantities of dextrose for from three to five hours at 37 C., and 
he concluded that the amount of dextrose lost in this part of the bowel 
by bacterial action was so small that it was negligible. Bingel 
incubated fecal material with dextrose and claimed that the quantity lost 
through bacterial action was equal to the amount supposed to have been 
absorbed. Pressman incubated dextrose and feces for seven hours. 
He found that nearly 90 per cent of the dextrose had been destroyed. 
McNealy and Willems ^ avoided the question of loss of dextrose in 
this manner by using a short period of experimentation. 

Experimental and clinical data demonstrate that the incompetency 
of the ileocecal valve may play a large part in those instances in which 
absorption has been demonstrated. Cannon found that large injec- 
tions into the colon go into the small intestine by means of anti- 
peristalsis. Case-® stated that the true cause of insufficiency of the 
ileocecal valve is overdistention of the right half of the colon. He ’ 
found insufficienc}’- in one sixth of 1,500 cases of constipation. obser\-ed 
roentgenologically. A personal communication from Pendergrass 
supports this observation. 

Other methods for the solution of the problem of dextrose absorp- 
tion have been offered. Salvesen reported a fall in the inorganic 
phosphates following injection of dextrose into the blood stream. 
Bollinger and Hartman and Harrop and Benedict have also 

24. Cori, C. F. : J. Biol. Chein. 66:691, 1925. 
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28. Salvesen, H. A.: J. Biol. Cliem. 56:443, 1923. 

29. Bollinger, A., and Hartman, F. W. : J. Biol. Chem. 64:91. 1925. 

30. Harrop, G. Tr.. and Benedict, E. M. : J. Biol. Chem. 59:683. 1924. 
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reported changes in the inorganic phosphates of the serum after injec- 
tions of dextrose. I am not aware that the level of blood inorganic 
phosphates has been used as a measure of the absorption of dextrose 
from the colon. The use of the respiratory quotient in this type of 
experiment is open to some question unless the results are striking. 
Brodie,°* in 1910, demonstrated that the introduction of distilled water 
into the bowel might cause increased oxygen consumption. 

Diabetic patients show a marked variation in the readiness with 
which the liver glycogen may be mobilized in response to nen'ous 
stimulation and to mechanical pressure changes in the intestinal tract. 
This factor, as brought out by Smith in 1930, may influence the 
respiratory quotient. Furthermore, the sensitive patient ma)' show a 
slight rise in the sugar in the blood from the mere insertion of a rectal 
tube with a later and more marked rise in the blood sugar if the amount 
of solution introduced into the rectum is sufficient to cause marked 
distention of the intestine. This reversal of gl^'cogen synthesis may be 
responsible for the increase in the respiratory quotient noted. 

So far as I have been able to ascertain from a careful search of the 
literature, no one whose experiments have been controlled has found 
the marked alterations of the peripheral venous blood sugar after the 
rectal administration of dextrose which are encountered when dextrose 
is given by mouth. 

Cori,^® after investigation of the alimentary absorption of dextrose, 
has concluded recently that the peripheral blood sugar curve is not a 
measure of intestinal absorption. Magee and Reid,®^ on the contrary, 
have concluded that the dextrose curve is an index of intestinal 
absorption. They compared the portal and systemic blood during 
the absorption of dextrose from the intestine and found that the pre- 
absorption values were practically always identical, but that about three 
minutes after the ingestion of the solution the portal blood sugar had 
risen about 20 mg. higher than the systemic blood sugar. These relative 
positions were approximately maintained until the end of the experi- 
ment. They assumed that the difference between the curves could be 
interpreted to represent the balance between the effects of hepatic 
function and of tissue metabolism on the blood sugar, and the systemic 
(venous) curve afforded as good an index of the rate of absorption as 
the portal curve. 

31. Brodie, T. G.; Cullis, W. C., and Halliburton, W. D.: J. Physiol. 40:173, 
1910. 

32. Smith, B. : California & West. Med. 33:857, 1930. 

33. Cori, C.: Phj’siol. Rev. 11:143, 1931. 
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The strength of the solution used in the bowel in attempting to 
demonstrate absorption has varied considerably. Goldschmidt obser\-ed 
that the absorption from the entire length of the intestinal tract, so far 
as sodium chloride was concerned, involved a similar mechanism, and 
that the mechanism could be qualitatively explained by the known laws 
of osmosis. Theoretically, a 4.9 per cent dextrose solution has the 
same osmotic tension as physiologic solution of sodium chloride. Haus- 
man demonstrated that hypertonic solutions may produce undesirable 
results. He caused death in rats through the withdrawal of large 
quantities of water into the peritoneal cavity by means of a 50 per cent 
solution of dextrose. Certain of the variations in the results of different 
investigators ma)’’ be explained b}' the difference in the concentrations 
of dextrose which were used. 

In consideration of the literature and experimental data covered in 
this resume, an e.xperiment on the problem of dextrose absorption from 
the intestinal tract in the normal, the pancreatectomized and the 
insulinized animal was outlined which: 

(1) Eliminated the ileum and isolated the colon and rectum. 

(2) Considered the absorption of isotonic as well as hypertonic dextrose 
solution in the normal dog and isotonic dextrose solutions in the pan- 
createctomized, hyperglycemic, and in the insulinized, hypoglycemic, dog. 

(3) Eliminated the possibility of intestinal putrefaction or bacterial action as 
a great factor in the loss of dextrose by careful cleansing of the bowel 
and by limiting the time of the experiment. 

(4) Measured the absorption of dextrose in three ways simultaneously: 

(а) recover)' and washings 

(б) peripheral blood sugar studies 

(c) colonic blood sugar studies 

(5) Was controlled in the following ways: 

(а) Similar experiments were made with loops of ileum of equal length 
where dextrose absorption is known to take place. 

(б) An inert substance (paraffin oil) was introduced into the colon and 
rectum to control possible alterations in the blood sugar due to 
mere filling of the bowel. 

(c) Loss of dextrose through bacterial action and mere handling was 
determined by the incubation of a known dextrose solution within a 
colon and rectum removed from a freshly killed animal, washed and 
prepared in a similar manner over the same time period. 

(d) The possible presence of large amounts of nonde.xtrose copper- 
reducing substances was eliminated by the introduction of distilled 
water into the colon and rectum under like methods and titration 
of the recovered solution by the same method used in the colonic 
dextrose determinations. 


35. Goldschmidt. S. : Physiol. Rev. 1:421, 1921. 
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EXPERIMENTAL METHOD 

In tile cxpcriuicntai work twenty-four dogs were used. They were of mongrel 
breeds, and weighed from 7 to 32 Kg. The average weight was about 10 Kg. 
All dogs received their last feedings at 4 o’clock on the day before the experiment. 
Sodium amytal (sodium iso-amyd ethyl barbiturate) anesthesia was employed, 
SO mg. per kilogram of body weight being introduced intraperitonealK'. Nearly 
all the dogs went to sleep without e.vcitemcnt and slept quietly throughout, the 
entire experiment with deep, slow respiration, although there was an occasional 
e.xception to this. 

The abdomen was opened, and the appendi.x with the adjacent ileum was 
mobilized and brought into the rvound. Two ligatures were passed around the 
ileum at its cecal junction and tightly' tied. The tip of the appendix was then 
removed, and a glass cannula with an attached fenestrated rubber tube was 
inserted through the appendix into the cecum. The fenestrated rubber tube 
prevents collapse of the bowel for a distance of about 3 inches. Two ligatures 
were used to fasten the stump of the appendix about the cannula. Another rubber 
tube was attached to the end of the cannula which projected from the appendical 
stump. 

The colon was waslied out throughly by running warm tap water into the 
appendical cannula by means of a funnel. When the water coming from the 
rectum was clear, a tube similar to that in the cecum was inserted into the rectum. 
Leakage around the tube was prevented by means of a purse-string suture placed 
in the rectal sphincter. The colon was again flushed with warm tap water. Any 
fluid remaining was then forced out by gently passing air through the appendical 
cannula and elevating the head of the table. The operative procedure rarely took 
longer tlian thirty minutes. 

Specimens of blood were taken from one of the ^’ei^s draining the colic blood 
and from the exposed femoral %'ein. After the colon was carefully evacuated so 
that the bowel was collapsed, the rectal tube was clamped, and a de.xtrose solution 
of desired strength and known amount was allowed to run into the system at a 
pressure not e.\ceeding ISO mm. of the solution. When the bowel appeared to be 
full, but not unduly distended, the appendical clamp was closed. The quantity of 
solution introduced varied with the size of the animal, 1S8 and 238 cc. being the 
lowest and highest amounts used. All solutions were warmed to 38,5 C. before 
being placed in the bowel. The abdominal incision was then closed, the appendical 
cannula extending through the closed rvound. 

Specimens of blood from the femoral vein were taken at half hour intervals. 
At the end of two hours the last specimen was taken, the abdomen again opened, 
and a specimen withdrawn from the colic vein. Difficulty in the control of hemor- 
rhage from the colic vessel prevented the withdrawal of blood at more frequent 
intervals. Following the collection of the blood specimens, the solution remaining 
within the bowel was forced through the recta] cannula into a beaker by means 
of air. The head of the table was again elevated in order to facilitate the 
recovery of fluid. The bowel was flushed with 250 cc. of distilled water, this 
solution also being forced out into a second beaker by' means of air and elevation 
of the head of the table. It is of interest that, of the 250 cc. of wash water 
introduced at this time, it was not unusual to recover all 250 cc. Occasionally 
a few cubic centimeters was lost and, at other times, 2 or 3 cc. more was 
recovered. A series of experiments on the ability' to recover known amounts of 
fluid by this method showed that the error averaged 2 per cent (± 2 per cent). 

At the close of the e.xperiment the animal was killed, and a section of the colon 
was removed for microscopic examination. 
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In the experiments on the ileum, loops approximately equal in len^h to the 
colon were isolated near the terminal portion. The loops were cannulated with 
Paul tubes with attached fenestrated rubber tubes. Blood specimens were with- 
drawn from the large ileal vein opposite the selected loop. 

The pancreatectomies were performed under sodium amytal anesthesia. The 
operations were done with aseptic technic, and the pancreas was removed with 
no injury to the duodenal vessels. A specimen of the blood sugar during fasting 
was taken before pancreatectomy, the morning following and each morning there- 
after. When the blood sugar level during fasting indicated marked hyperglycemia, 
the absorption experiments were performed. Blood sugar levels prior to the 
dextrose absorption experiments varied from 225 to 325 mg. per hundred cubic 
centimeters. The interval between pancreatectomy and the dextrose absorption 
experiment varied from two to four days. 

For the hypoglycemic animals, the following method was used. Specimens of 
blood from the peripheral and colic veins were taken, following which 10 units of 
insulin per kilogram of body weight was given subcutaneously. After a lapse 
of one-half hour, blood was again taken from the colic and femoral veins and 
the dextrose solution introduced, after which the absorption experiment was 
carried out in the usual manner. 

All dextrose solutions were prepared from Bacto-dextrose. The dextrose in 
each instance was weighed and diluted to volume, after which the solution was 
titrated for the concentration of dextrose present. The latter figure is used 
throughout in the final calculations. 

The effect on the blood sugar level of the introduction of an inert substance 
(paraffin oil) into the colon was obseri-ed in several experiments. These experi- 
ments were performed in the same manner as the usual absorption experiment. 
e.xcept that warmed paraffin oil was allowed to flow into the colon instead of the 
usual dextrose solution. 

The effect of bacterial action and handling on a known amount of de.xtrose 
solution in a completely e.xcised colon from a freshly killed animal was tested. 
The excised colon was washed and prepared in a manner similar to that used in the 
intact animal. Seventy-five cubic centimeters of an approximately 5 per cent 
dextrose solution containing 3.31 Gm, of dextrose was placed within the bowel, 
and the entire preparation placed in a beaker and incubated at 37.5 C. for two 
hours. .A.t the end of that time the solution was recovered. The bowel and 
beaker were washed with 250 cc. of distilled water, and the dextrose content of 
each solution was determined. 

.<^11 solutions recovered, as well as cvashings, were quantitativeh’ analyzed by 
the Benedict method immediately after completion of the experiment in order to 
eliminate the possibility of loss of dextrose through standing and bacterial action. 
Some of the solutions, especially when hypertonic dextrose was used, contained 
mucus, so that it was necessary to filter or centrifugate them before titration. 

Because of the fact that the Benedict method is based on the reduction of 
copper, it was necessary to determine the possible presence of nonde.xtrose copper- 
reducing substances in the solutions exposed to the intestinal mucous membrane. 
For this e.xperiment the colon of an anesthetized animal was prepared in the 
usual manner, and 200 cc. of distilled water was introduced. .-Vftcr the lapse of 
two hours, the solution was withdrawn in the usual way and titrated by the 
Benedict method.-' 


37. Benedict. S. R. ; The Detection and Estimation of Glucose in tb.e Urine. 
.1. A. M. A. 57:1193 (Oct. 71 1911. 
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All blood sugar determinations were made in duplicate by the Hagedorn and 
Jensen micromethod. In several of the earlier experiments, Dr. Leon Jonas 
made simultaneous determinations by the Folin-Wu method. Except for the slightly 
lower level of the former determinations, the results were approximately the 
same. 

RESULTS 

The Absorption of a 5 Per Cent Dextrose Solution from the Ileum .- — • 
In tables 1 and la. the results from three experiments are given. In 
every experiment water and dextrose were absorbed, and the concentra- 
tion of the dextrose in the loop fell. There is a close relationship 


Table 1. — Five Per Cent De.vtrose Solution in Ileum of Normal Dog 
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Table la. — Peripheral and Ileal Venous Sugars Following Introduction of 5 Per 
Cent De.vtrose Solution in Ileum of Normal Dog 


Peripheral Venous Sugars, Heal Venous Sugars, 

ilg. per 100 Cc. Mg. per 100 Cc. 

K A 


Dog Xo. 

Start 

^ Hour 

1 Hour 

1% Hours 

2 Hours 

Start 

2 Hours 

815 

S3 

85 

SO 

88 

90 

85 

97 

1067 

120 

139 

139 

142 

142 



1068 

91 

130 

132 

118 

114 

101 

131 


between the removal of water and absorption of dextrose, but dextrose 
apparently was absorbed more rapidly than water. The mean loss of 
fluid was 17.6 per cent, and the mean loss of dextrose, 27.3 per cent. 

The peripheral venous sugars showed a tendency to rise. There is 
no correlation between the percentage of absorption of dextrose and the 
change in either the peripheral venous or the ileal blood sugars. In fact, 
of the two experiments in which ileal venous sugars were determined, 
the larger amount of dextrose absorption was associated with the 
smaller change in the ileal venous sugar. 

38. Hagedorn, H. C, and Jensen, B. N. : Biochem. Ztschr. 135:46, 1923; 
137:92, 1923. 
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The Absorption of a 5 Per Cent Dextrose Solution from the Colon . — 
Eight experiments are tabulated in tables 2 and 2a. There is a striking 
difference in the mean loss of fluid in these experiments as compared 
to the ileal experiments. In only one of the eight experiments did the 
percentage of absorption of water exceed the minimum percentage of 
absorption in the first group. 

Although the actual amount of dextrose introduced was greater in 
near!}- ever}- experiment, the mean percentage of absorption of dextrose 


T.able 2. — Five Per Cent Dextrose Solution in Colon of Normal Dog 
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Table 2a. 

— Peripheral and Colic Venous Sugars Follounng Introduction of 5 Per 
Cent Dextrose Solution in Colon of Normal Dog 



Peripheral Venous Sugars, 

Mg, per 100 Cc. 


Colic Venous Sugars, 
Mg. per 100 Cc. 

Dog No. 

Start 

Hour 1 Hour 

in Hours 

2 Hours ’ 

Start 

2 Hours 
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from the colon was decidedly less. There are, however, a slightly 
greater mean loss of dextrose than of water and a tendenej' for the 
concentration of the solution to fall slightly. Considered from the 
standpoint of actual loss of dextrose over a two hour period, however, 
the amount is indeed small, 90 per cent or more having been recovered 
after a two hour period. 

In four animals the peripheral venous sugar changed verr- little. 
The changes that did occur were not always in the same direction. In 
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three experiments t!ie initial blood sugar was high, a condition that is 
believed to be due to the excitation associated with the induction of 
anesthesia. The colic venous sugar was likewise high in these animals. 
There is no indication from the estimations of the colic venous sugar 
that dextrose was being absorbed rapidly. 

Taken as a whole, the data do not support the hypothesis that any 
considerable amount of dextrose is absorbed in this t3"pe of experiment. 

Histologic studies of the colon at the conclusion of the experiment 
showed a normal bowel. 


Table 3. — Seven Per Cent Dextrose Solution in Colon of Normal Dog 
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Table 3a. — Peripheral and Colic Venous Sugars Folloioing Introduction of 7 Per 
Cent Dextrose Solution in Colon of Normal Dog 


Peripheral Venous Sugars, Colic Venous Sugars, 

Mg. per 100 Cc, Mg. per 100 Cc. 

* X 


Dog No. 

Start 

% Hour 

1 Hour 

Hours 

2 Hours 

Start 

2 Hours 

5S6 
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lOG 
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The Absorption of a P Per Cent Dextrose Solution from the Colon. 
— It was considered advisable to repeat the experiments on the colon, 
with hypertonic solutions of dextrose. In tables 3 and oa are 
reported two experiments in which an approximately 7 per cent solu- 
tion was used. At the end of the two hour period the amount of fluid 
in the large bowel was greater than that introduced. No definite con- 
clusions can be drawn from the two experiments, but the range of 
dextrose absorption is within the limits of that obtained Avhen a 5 per 
cent solution was used'. 

The peripheral and colic venous sugars tended to rise slightly, but 
there is a complete lack of correlation between the actual amount of 
dextrose lost and the changes in the peripheral blood sugar levels. 
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The histologic studies of the colon removed at the conclusion of 
the experiment showed only a slight increase in vascularity as evidenced 
b}' the greater number of filled capillaries. 

The Absorption of a 10 Per Cent Dextrose Solution from the 
Colon. — In tables 4 and 4a are tabulated the results obtained from two 
experiments in which a more concentrated solution was used. As would 
be expected, the increase in the fluid content of the loop was even 
greater than when a 7 per cent solution was used. The concentration 
of de,xtrose was reduced, but this was largely due to the diluting effect 


T.able 4. — Ten Per Cent Dextrose Solution in Colon of Normal Dog 
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Table 4a.- 

—Peripheral and Colic Venous Sugars 

Follovjing Introduction of 10 Per 



Cent 

Dextrose Solution 

in Colon of Normal Dog 






Peripheral Venous Sugars, 
Mg. per 100 Cc. 
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Colic Venous Sugars, 
Mg. per 100 Cc. 
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of the inflowing fluid. The mean amount of dextrose lost is slightly 
greater than that lost when a 5 per cent solution was used. 

The peripheral venous sugar was lower at the conclusion of the 
experiment than at the beginning, while the colic venous sugar had 
increased in each experiment by 13 mg. per hundred cubic centimeters 
of blood. 

The sections of the bowel removed at the conclusion of the e.xperi- 
ment were similar to those removed from the previous group in that 
the only evidence of change was an increase in the number of filled 
capillaries. 

The Absorption of a 5 Per Cent Dc.rlrose Solution from the Colon 
of the Panereatcctomiecd Dog. — Five e.xperiments are reported in tables 
5 and So. The hyperglycemia in these animals was considerably greater 
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than that of the animals in group 2, who were excited during the 
induction of the anesthesia. The mean percentage of fluid absorbed 
was slightly greater than when a similar concentration of dextrose was 
placed in the colon of the normal dog. However, if the data from dog 
387 are eliminated, the percentage of fluid absorbed is within the range 
of the normal animals. There is no evidence that dextrose is more 
rapidly absorbed under the conditions of this experiment. The per- 
centage range of dextrose absorption in the five e.xperiinents is large. 


Table 5. — Five Per Cent Dextrose Solution in Colon of Pancrcatectomixcd Dog 
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Table 5a. — Peripheral and Colic Venous Sugars Following Introduction of 5 Per 
Cent Dextrose Solution in Colon of Paucrcatcctoinhcd Dog 


Peripheral Venous Sugars, Colic Venous Sugars, 

Mg, per 100 Cc. Mg. per 100 Cc. 
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but the mean dextrose absorption is approximately the same as in the 
previous experiments. Again there is a tendency toward a reduction 
in the concentration of the dextrose in the colon. 

The peripheral and colic venous sugars show no consistent changes. 
There is a tendency for the peripheral venous sugar to decrease, but in 
dog 540 it increased. The colic venous sugars rose in four of the five 
experiments, and there appears to be some correlation between the 
percentage of absorption of dextrose and the rise in the colic venous 
sugar. In the one experiment in which a fall occurred in the colic 
venous sugar, there was no evidence of dextrose absorption. 
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The sections of the colon were entirel}^ normal. 

The Absorption of a 3 Per Cent Solution of Dextrose from the 
Colon of the Hypoglycemic Dog. — ^The results in two animals made 
hypoglycemic by the subcutaneous injection of 10 units of insulin per 
kilogram of body weight one-half hour before beginning the experi- 
ment are reported in tables 6 and 6a. The percentage of fluid absorbed 
is small indeed, the lowest for any group in which approximately iso- 
tonic solutions were used. The striking feature, however, is the 

Table 6. — Five Per Cent Dextrose Solution in Colon of InsuVmised (Hypo- 
glycemic) Dog 
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Table 6a. — Peripheral and Colic Venous Sugars Following Introduction of 5 Per 
Cent Dextrose Solution in Colon of Insulinized (Hypoglycemic) Dog 


Peripheral Venous Sugars, Colic Venous Sugars, 

Mg. per 100 Cc. Mg. per 100 Cc. 


Dog 

No. 

Before 

Insulin 

start 

% Hour 

1 Hour 

1 % Hours 

2 Hours' 

^ 

Start 2 Hours 

161 

84 

81 

72 

55 

41 

29 
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759 
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99 

78 

67 

55 

57 

S5 


relatively rapid absorption of dextrose, a mean of 21.7 per cent of that 
injected being lost in the two hour period. In these experiments 
dextrose was leaving the colon much more rapidl}' than was water. 

The peripheral and colic venous sugars fell throughout each experi- 
ment so that, even though considerable dextrose was absorbed, the 
insulin was sufficient to prevent it from maintaining a constant sugar 
level. It must be considered, however, that the dose of insulin was 
unusuall}'- large. This dosage was used purposely in order to determine 
whether the rate of absorption from the colon could be increased under 
the conditions of a marked blood dextrose deficit. 

The Effect of the Introduction of an Inert Substance (Paraffin Oil) 
into the Colon on Blood Sugar Lcz’cls. — Two experiments were per- 
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formed (table 7) in each of wliich paraffin oil similar in volume to the 
dextrose used in the earlier experiments was placed in the isolated colon. 
Specimens of blood were removed from the peripheral and colic veins. 
These showed slight variations. The colic venous sugars tended to go 
to lower levels at the end of the two hour period. 

Bacterial Action. — The effect of bacterial action and handling on a 
knowji amount of dextrose solution in a completely excised colon, from 
a freshly killed animal, washed and prepared in a manner similar to the 
method used in the intact animal, was also tested. The 75 cc. of a 4.7 
per cent solution of dextrose which was introduced contained 3.31 Gin. 
of dextrose. The bowel and its contents were placed in a beaker and 
incubated at 37.5 C. for two hours. At the end of that period, 70 cc. 
of the solution was recovered which contained 3. OS Gm. of dextrose. 
The washings contained an additional 0.14 Gm. of dextrose, bringing 


Table 7. — Peripheral and Colic Venous Sugars Following Introduction of 
Paraffin Oil in Colon of Normal Dog 


Peripheral Venous Sugars, Colic Venous Sugars, 

Mg. per 100 Cc. Mg. per 100 Cc. 


Dog 

No. 

Weight, 

Kg. 

Oil, 

Cc. 

' Stnrt 

t4 Hour 

1 Hour 

1% Hours 2 Hours 

start 

End 

1034 

S.S 

132 

102 

103 

103 

06 

lOJ 

202 

92 

1046 

7.7 

154 

113 

115 

114 

122 

112 

lOG 

201 


the total amount recovered to 3.22 Gm. The dextrose lost through 
possible bacterial action and failure to recover was estimated at 2.6 
per cent of the quantity introduced. 

Determination of Nondextrosc Copper-Reducing Substances in the 
Solutions Exposed to the Mucous Membrane of the Bozvel. — Of the 
210 cc. of tap water introduced into the colon of the living dog, but 
150 cc. of fluid was recovered after the lapse of two hours. Titration 
was done by the Benedict method.^' It was impossible to arrive at an 
end-point b}- using the entire 150 cc. recovered from the loop. Calcu- 
lated at this point, the concentration of the reducing substances would 
be less than 0.03 per cent, and, from the color of the copper solution 
remaining, it would be safe to state that the amount was even lower 
than this. Even at the former level, the quantity is insignificant. 

This experiment likewise demonstrates that tap water is readily 
and quickly taken up b}' the colon to the extent of 28.5 per cent in this 
one case. 

Venous blood sugar determinations were made as well in this dog. 
The determinations of the peripheral and colic venous blood sugar 
showed little change. 
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COMMENT 

It is evident from these experiments that there is a marked difference 
in the ability of the ileum and colon of the dog to absorb dextrose. 
In a two hour period, the normal anesthetized dog being used, the 
rate of absorption of dextrose from solutions varying from approxi- 
mately 5 to 10 per cent was indeed small. The percentage of dextrose 
absorption is slightly greater than that given by McNealy and Willems ^ 
for 5 per cent solutions, but this may be due to the use of the large 
rectal ampulla. There appears to be a slightly greater absorption when 
10 per cent solutions are used, but even here the actual amount absorbed 
was so small that even though the same rate could be maintained for a 
twenty-four hour period, the total dextrose absorbed would amount to 
only 27.7 Gm. 

In two of the pancreatectomized animals the percentage absorption 
was considerable, but when calculated for the total amount absorbed, 
it is of little significance, a mean in all the pancreatectomized dogs of 
only 0.77 Gm. being absorbed over the two hour period. 

It is interesting to note that, when a definite blood sugar deficit was 
maintained, as in the experiments on the hypoglycemic dogs, the per- 
centage of absorption of dextrose was higher than in any of the colonic 
experiments and approximated the rate of absorption from the ileum. 
It would appear from these experiments that there may be some founda- 
tion in the observation of clinicians that diabetic persons in shock are 
improved by rectally administered dextrose. However, when time is an 
essential factor, it would not be wise to place the sole reliance on this 
method of administration of dextrose because the absorption is so slow. 

The findings of McNealy and Willems - in regard to the rate of 
water removal when solutions of dextrose are placed in the large bowel 
have been confirmed. Tap water is absorbed much more rapidly. 
With the exception of one animal (dog 387, table 5), nothing approxi- 
mating this rate of removal was observed in any of the experiments 
on the colon in which dextrose was used. Clinical experience has 
demonstrated that this is also true in man. 

The blood sugar studies indicate that they are of little use as an 
indication of absorption where the rate of absorption is small. The 
findings in normal subjects presented in this paper are in essential 
agreement with those of Scott and Zweighaft.® There appears to be no 
direct correlation between the amount of dextrose absorbed and the 
peripheral blood sugar level. This may be due to the slow rate of 
absorption and to the stimulation of some mechanism which increases 
de.xtrose withdrawal from the blood stream. In the experiments in 
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which 7 and 10 per cent solutions of dextrose were placed in the colon,, 
and in the pancreatectomized dogs, the colic venous sugars show some 
correlation with the amount of dextrose removed from the colon during 
the two hour period. 

SUMMARY 

Dextrose solutions are absorbed at a low rate when placed in the 
entire colon of the dog. Hj-pertonic solutions (10 per cent) are 
absorbed little faster than are isotonic solutions, '\^'’hen a marked 
dextrose deficit occurs in the blood, dextrose can be absorbed from 
the colon approximate!}' as rapidly as it can be from a low ileal loop 
of the noninsulinized dog. The presence of dextrose in the solution in 
the colon, in the concentration used, causes a retardation in the rate of 
water absorption. The total amount of dextrose which can be adminis- 
tered and absorbed from the colon under the best conditions would 
appear to be too small for an}' considerable immediate therapeutic effect. 



SELECTIVE STAINING OF DISEASED AREAS IN 
CARTILAGE BY INTRA-ARTICULAR 
INJECTION OF DYES 

AN EXPERIMENTAL CADAVER STUDY, WITH SPECIAL REFERENCE 

TO ARTHROSCOPY 

MICHAEL S. BURMAN, M.D. 

NEW YORK 

The intra-articular injection of dyes is not a new procedure, though 
practiced only from the experimental standpoint to determine the absorp- 
tive capacity of the synovial membrane and the paths of absorption. A 
review of the literature indicates that no attention has been paid to the 
gross staining of cartilage by dyes. Tillmanns, in 1876, injected berlin 
blue into the bony canals of the amputated femurs of his experimental 
animals, after cutting away the bony plate that intervenes between the 
femur and the joint cavity. He intended to study the absorptive power 
of the synovia, without injuring either synovia or capsule. In seven 
cases, he noted a superficial staining of cartilage, easily washed out by a 
stream of water. Schreiber of Tubingen, in 1904, in analyzing the con- 
stituents of Belchier’s madder, noted that purpurin, injected into the 
dorsal lymph sac of the frog, stained cartilage vitally a purple hue. 

The gross staining reactions of cartilage in disease, as in jaundice 
and hematoporph 3 ’'rinemia, are interesting. One deals here with pig- 
ments circulating in blood. Whether this is the case in ochronosis, which 
stains cartilage blackish, is still mooted. It is affirmed in all textbooks 
of pathology that in jaundice cartilage is not stained intra vitam. We 
have had several occasions to verif}"^ this. Schmorl has shown that the 
degenerated cartilage of intervertebral disks does take up the icteric 
stain intra vitam. It is the custom in the Pathologic Institute in Dresden 
to remove the entire right femur for examination. On the right side, 
then, in all cases of jaundice, the cartilage of the patella, of the femoral 
and tibial cond 3 des and even of the menisci was stained green, the inten- 
sit 3 ’ of color var 3 Mng with the length of exposure to air. When the left 

All the work on cadavers was done at the Pathological Institute of the 
Krankenhaus der Friedrichstadt-Dresden. through the kindness of Geheimrat 
Schmorl, during a period of time when I was Scholar of the Henr}- W. Frauentha! 
Traveling Scholarship. The animal work was done at the Hospital for Joint 
Diseases, New York, with the assistance of Dr. M. I..angsam and through the 
kindness of Dr. Henr>- Tafte. 
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or untouched knee joint was opened or was examined through the 
arthroscope, the cartilage and menisci were noted as definitely not 
stained. 

This work was undertaken as a collateral study to arthroscopy,^ fol- 
lowing a suggestion of Professor Schmorl that it would be interesting to 
observe through the arthroscope the formation of arthritis experi- 
mentally produced by the use of colored irritants. I determined 
to test the general effect of a dye on the cartilage of cadavers recently 
deceased. I used the standard laborator}' solutions of the various 
dyes used for tissue staining, diluted about 1 : 10 with water. The dye 
used was injected into the joint, usually the knee joint, and was immedi- 
ately washed out by continuous irrigation. In many cases, the joint was 
then examined through the arthroscope to determine just what had 
happened in the interior of the joint. After a thorough examination, the 
findings were verified by opening the joint. 

RESULTS 

The following is a report of the work done. 

Eosin . — Eosin apparentl}' stains eroded areas on cartilage selectively 
and instantaneously ; that is, normal or almost normal cartilage does not 
stain. The usual eroded areas on the under surface of the patella and 
on top of the intercondyloid notch stain particularly well. The stain is 
deep in the eroded areas but does not extend to bone. The greater. the 
erosion, the deeper is the stain. Degenerated areas in cartilage, showing 
no particular erosion, stain from a light to a deep pink, though with not 
as great a selectivity as areas of erosion. Areas of “Wucherung” or 
overgrowth of new cartilage or fibrous tissue may stain better and 
deeper than small areas of erosion. Eosin, injected into a normal joint, 
will not stain cartilage. When the joint is opened and eosin is poured 
over the cartilage of the opened joint, all cartilage, whether normal, 
degenerated or eroded, stains almost uniformly. This may be due to 
exposure to air — the onl}" explanation we can offer thus far for this 
phenomenon of paradoxical staining. Acid, such as hydrochloric acid, 
injected into the joint previous to the injection of the d 3 "e does not alter 
the staining powers of the dye. 

Most of the joints into which eosin was injected were those of 
elderl}^ people having arthritis of var 3 dng degree. Not onl 3 ^ does car- 
tilage stain, but it is seen that the synovial membrane, the crucial liga- 
ments and the semilunar cartilages (menisci) also stain. The semilunar 
cartilages stain variously, best on their superior and inferior surfaces, 
but never in their depths. The staining is more pronounced if the 

1. Burman, M. S.: Arthroscopy or the Direct Visualization of Joints. An 
Experimental Cadaver Study, J. Bone & Joint Surg. 13:669 (Oct.) 1931. 
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cartilage is degenerated, and if the inner free edge is irregular and fuzzy. 
The synovial membrane does not stain uniformly or deeply, but in scat- 
tered areas, sometimes more or less diffusely, not depending apparently 
on sites of degeneration. The infrapatellar fat pad has been noted to be 
stained through and through, indicating that there is a rapid diffusion of 
the dye through the synovia. Free synovial villi stain a delicate pink at 
times. The crucial ligaments, especially the anterior crucial ligament, 
stain only slightly. The color does not deepen on standing, when the 
opened joint is exposed to air. 

The stain is always superficial and is present only in the upper cell 
layers of cartilage. Light scraping of the cartilage with a knife removes 
the stained areas easily and indicates the superficialness of the stain. 

If hematoxylin is injected into the joint first and then eosin, 
after the hematoxylin has been washed out it is noted that the colors 
may mix or be separate, or that the pink of the eosin may overlie a 
clearl}" underlying blue of the hematoxylin. If, in the opened joint, 
hematoxjdin is poured over a previously eosin-stained joint, one can see 
the blue of the hematoxylin overlying the pink of the eosin, with no 
tendency to fusion of colors. Each stain is separate. If in the opened 
knee joint, one half of the tibial condyles are stained with alcoholic 
eosin and one half with water}' eosin, one notes that the resultant stains 
are uniform and identical. 

Occasionally, when the dye is injected as from an inner puncture, 
the dye is noted to be confined to the inner half of the joint. This may 
be due to the fact that the joint is divided in halves by fat or adhesions 
that prevent the further spread of the dye. 

Alcoholic eosin was injected into a knee joint in each of two adult 
rabbits. There was no staining of the cartilage, which was normal, 
though somewhat brownish, but a deep pink staining of the synovia and 
soft tissues took place. In one case, the menisci stained slightly. Wlien 
the dye was poured over the opened joint, the cartilage stained relatively 
uniformly but not deeply. The menisci stained well. 

Alcoholic and watery eosin stain cartilage alike. 

Through the arthroscope, it is noted that the joint space is colored a 
fluorescent green, while the cartilage and soft tissues stain pink. Eroded 
areas are well seen. There is no metachromasia. 

Eosin was injected into ten joints, alcoholic eosin into five and 
watery eosin into five. Eosin may be said to possess powers of sclectir'c 
staining, with particular predilection for eroded areas in cartilage and 
less for degenerated areas. 

Hematoxylin. — Hematoxylin was injected into three or four joints. 
The staining of cartilage is slight, instantaneous and superficial, and not 
washable, uniform, metachromatic or selective, though degenerated areas 
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seemed to take the stain well. Staining is never widespread. In one 
case, the hematoxylin was injected into the knee joint of a deeply jaun- 
diced man (carcinoma of the jjancreas). The stain was slight, and, on 
exposure of the cartilage to air, after the joint was opened, the blue of 
the hematox3'lin mixed itself with the yellow-green of the jaundiced 
cartilage, producing a weird color effect. 

If hematoxylin is poured over the opened joint, it does not stain the 
cartilage uniformly, but a bit more diffusely than in the closed joint. 
The combination of eosin and hematoxylin has been already noted. 

The semilunar cartilages stain on their superior and inferior sur- 
faces, though not diffusely. The free edge may stain a bit more deeply. 
The synovial membrane and the crucial ligaments stain only slightly. 

.■-Vcid hematoxylin (a brown solution) stains cartilage neither in the 
closed joint nor in the open joint. 

Hematoxylin, as indicated in these few experiments, seems to be a 
weak dye, with no particular power of selectivity. 

Methylene Blue . — Methylene blue was injected into five joints, the 
alcoholic solution into three and the watery one into two. Two of the 
joints showed absolutel}' normal cartilage. Staining of cartilage, with 
either the alcoholic or the watery solutions, is instantaneous, very dif- 
fuse, superficial, nonselective and not washed away by a strong stream 
of water, both in normal and in arthritic joints. Cartilage stains diffusely 
and deeply blue, without regard to the nature of the cartilage, though 
certain areas in cartilage do not stain at times. The synovial mem- 
brane and its villi are well stained. The menisci stain completely both 
on their two surfaces and on their free edge. The crucial ligaments 
stain particularly well. The quadriceps bursa stains a deep blue. 

IMetachromasia of soft tissues and of cartilage is definitely noted 
here, the color gamut being from blue to blue purple to red purple. 
This altered staining disappears on exposure to air. 

In one case, only the inner half of the joint (an inner puncture being 
used) was stained, fat apparent^ blocking the spread of the dye to the 
outer half of. the joint. 

Pouring the dye over the opened joint does not increase the intensity 
of stain or alter its type or extent. 

Alcoholic methylene blue was injected into a knee joint of each of two 
rabbits, with results identical to the foregoing ones. 

Through the arthroscope, after the dye has been washed out, the 
stained areas are clearly visible. The joint space is a peculiar blue 
brown. 

Sudan III . — This dye was used in two cases. Once, it was injected 
into the normal shoulder joint of a young man, with no staining of 
cartilage or synovia. In the second case, it was poured over the opened 
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knee joint of a man 34 years old, dead of tuberculosis; no immediate 
staining- resulted. After a few minutes’ exposure, fat was noted to be 
stained an orange yellow, and the fibrillar cartilage of the patella a slight 
yellow. 

Alcoholic Methyl Violet. — This dye gave a strong, diffuse, blue-violet 
staining of all structures within the knee joint in the two cases in which 
it was used. Cartilage stains blue-violet, with possibly a slight predilec- 
tion for degenerated areas. Synovia and its villi stain deeply blue. 
The semilunar cartilages stain diffusel}' well. The crucial ligaments 
stain well also. iMetachromasia was noted in one case. 

The stain deepens on exposure to air. If the dye is poured over the 
opened joint, the t 3 'pe or the extent of the staining is not changed. The 
staining of cartilage is superficial and instantaneous. 

Lithium Carmine. — This dj’e, when injected into the knee joint (one 
case), stains instantaneoush% verj' superficially and with an apparent 
predilection for diseased areas in cartilage, i.e., selectivity in staining. 
fVhen it is poured over the opened knee joint, it does not stain cartilage 
further. 

Neutral Red. — This dye was used in three knee joints. The stain 
is dark red, instantaneous, superficial and not washable; it is definitely 
selective for eroded areas in cartilage, and possibly less so for degenera- 
ti^-e, fibrillar areas. AVhere the cartilage is fibrillar, the stain may then 
be diffuse. In one case, in an area of apparently normal cartilage, a 
deep staining took place; on cutting into the cartilage, a brown, degen- 
erated area was obserA-ed beneath the surface. Possibly, then, this dye 
has the poAver to reveal early areas of degeneration in cartilage, not as 
yet visible to the eye. The menisci of the knee joint, the crucial liga- 
ments and the synovia Avith its Aulli also stain a little. 

^^'^hen the dye is poured over the opened joint, one also notes that 
this dye has a definite predilection and selectiA'itj" for eroded and dis- 
eased areas in cartilage, though the staining here is a bit more diffuse. 

A section of stained cartilage Avas examined by frozen section. It 
Avas noted that the stain AA-as veiy- superficial and confined to the upper 
cell layers, and stained the capsule, cells and intercellular substance 
equally Avell. The space between the capsule and cell, hoAvever, did not 
stain. 

Bismarek Brown. — This dye Avas used in one case, giving a slight 
broAvn tinge to the cartilage. Poured OA-er the cartilage of the opened 
joint, it did not stain. 

Two Per Cent Gentian Violet. — ^This dj-e (used in one knee joint) 
stains irregularly, diffusely, instantaneously, superficially and Avithout 
poAvers of selectiA-itA-. The staining is deep A'iolet blue. .All structures 
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stain almost equally' well (cartilage, crucial ligaments, menisci, synovia). 
When the dye is poured over the opened joint, similar staining results. 
The staining capacities of the dye were examined through the arthro- 
scope. 

Concentrated Orange Solution. — The dye was injected into one hip 
joint with no resultant staining. The ds^e poured over the opened joint 
stained cartilage and s)'noviai membrane slight!}- }-eIlowish orange. 

Toluidinc Blue. — The dye was injected into one knee joint. Certain 
areas in cartilage, possibly degenerated, stained blue and also meta- 
chromatically. The stain is instantaneous, superficial, not washable 
and possibly selectively weak in staining. Menisci, crucial ligaments 
and the inner surface of the synovia stained a little. The metachroina- 
sia (blue to red purple) faded on opening the joint. The dye poured 
over the opened joint causes a slightly increased bluish staining of 
cartilage. 

Concentrated AlcahoUc Solution of Thionine. — When this dye is 
spilled over an opened joint, it stains cartilage and synovia very slightly, 
the stain deepening on standing. 

Ahm Carmine. — When this dye is injected into the closed knee 
joint, it does not stain; when it is poured over the opened joint, it stains 
cartilage and synovia slightly, superficially and unevenly. 

Litmus Solution. — To test the action of indicators in their ability 
to stain joint cartilage, a watery solution of blue litmus (alkaline) was 
injected into the knee joint of one patient. It is to be noted that the 
water of Dresden is alkaline. No accurate chemical test of alkalinity 
was made. The color of the solution did not change, which indicates 
that the pa of the joint fluid after death was still roughly alkaline. 
There was a slight bluish, superficial, easily washable staining of the 
joint cartilage. When litmus .was poured over the opened joint, there 
was only a slight staining of cartilage, easily washed away by a stream 
of water. The color of the litmus did not change. 

Bile. — A weak solution of bile was injected into the knee joint in 
one case with no resultant staining. No staining occurred when the 
bile was poured over the opened knee joint. The solution was evi- 
dently too weak to stain. It was noted that a drop of concentrated bile, 
poured accidentally from an opened gallbladder over the patella, stained 
it a green yellow, the stain being deep in color and not washed away b}- 
a stream of water. 

COMMENT 

It can then safely be concluded that there are dyes that stain car- 
tilage slightly or not at all, dyes that are diffuse in action, and dyes 
that are selective. The term “selectivity of action” means that these 
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dyes stain only eroded or degenerated areas in cartilage and leave normal 
cartilage unstained. 

Tlic course then is clear — to find those dyes that are selective and 
harmless. A series of experiments should be undertaken to determine 
tlie nature of dyes that stain selectively, the amount of dye necessary' 
for use in a joint, the reaction of the joint to the dye, the absorption of 
the dye, the ability or inability of the d3-e to cause an experimental or 
clinical arthritis, the ph3'sicai, chemical and biologic reasons that underlie 
selectivity, with special reference to the chemical nature of the dye and 
the biologic properties of the diseased area. Once this is determined 
by patient research, it will be possible to utilize these new facts in 
arthroscopy. Stained areas are clearly outlined through the arthroscope, 
much better than unstained areas, especially areas of erosion, which are 
difficult to visualize. 

It is possible that the staining reactions described may not occur in 
living cartilage in the living person. The few animal experiments per- 
formed b3- me indicate this premise to be wrong. Whether one can 
call the intra-articular injection of d3'es for the purpose of staim'ng 
cartilage vital staining is questionable; it surely cannot be so called 
in the usually accepted sense of the term. What relation changes 
in the alkalinity of the synovial fluid bear to the staining of cartilage 
is not as yet known. Even after death, it appears that the s3’novial 
fluid, remains alkaline, and rarel3’ in life does it reach a pn lower 
than 7. It may be probable that the sometimes oily fluid exerts 
a protective effect against cartilage staining. Why there should be 
a difference between the staining powers of cartilage in the opened 
and in the closed joint is still conjectural. It is important to find a 
blue dye that stains selecti^•ely, since a red dye gives poor color con- 
trast, especiallv m h3'peremic or other inflammatory' conditions of the 
joints. 

CONCLUSION 

Of the several dyes examined, eosin, neutral red and lithium carmine 
seem to stain diseased areas in cartilage selectively. This selective 
staining is of definite value in arthroscopy, delimiting, as it does, areas 
of disease in color, thus rendering visualization easy. The work pre- 
sented here is onh' the most preliminar3' of btudiea. 
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This Report of Progress is based on a review of 195 articles selected from 359 
articles dealing with orthopedic surgery appearing in the medical literature appro.^i- 
mately between April 5 and July 30, 1932. A few selected articles of an earlier 
date are included. Only those papers that seemed to represent progress have been 
chosen for review. 

CONGENITAL DEFORMITIES 

Open Reduction of Congenital Dislocation of the Hip . — Howorth 
and Smith ^ reported observations in 72 cases of congenital dislocation 
of the hip in which the patients were treated by open operation from 
January, 1920, to Jul}', 1929. In 26 cases the dislocation was bilateral. 
The average age was 4 3 'ears and 8 months. In the treatment of 46 
of the 82 hips, previous attempts at closed reduction had failed. 

The operations used were as follows: (1) simple reduction, 54 per 
cent; ( 2 ) gouging of the acetabulum followed b}' reduction, 20 per cent; 
(3) shelf operation, 11 per cent. In two hips it was necessary to 
reshape the femoral head. The anatomic and functional end-results 
were summarized; reduction was maintained in 66 per cent. Eighteen 
months after the first operations subluxation occurred in 31 per cent. 
Dislocation recurred in only 8 per cent. A good functional result was 
gained in 67 per cent. 


1. Howorth, M. B., and Smith, H. W.: J. Bone & Joint Surg. 14:299, 1932. 
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Kidner = reviewed briefly the controversy between the schools 
advocating open and closed reduction of congenital dislocated hips. He 
has become convinced that open reduction gives the better result except 
in the rare young patient in whom the gentlest manipulation results in 
reduction. 

He stated that the great obstacle to reduction, as shown on the 
operating table, was a redundant adherent capsule and not bony, car- 
tilaginous or muscular changes as many workers had assumed. He 
found that little force was necessarj^ usually to obtain reduction if the 
capsule was adequately freed. His operative approach consisted in an 
anterior incision extending downward from the anterior superior spine, 
retracting the sartorius medially and the tensor fascia and gluteus 
medius laterally. The capsule was reflected downward from the ilium 
as far as the superior border of the acetabulum. The capsule was then 
incised longitudinally, and the head of the femur was replaced in the 
acetabulum, which was enlarged if necessary. The redundant capsule 
was used as a reenforcing ligament. The leg was immobilized in abduc- 
tion and internal rotation for from eight to twelve weeks. After 
physical therapy, walking was permitted. Kidner stated that inversion 
of the neck usually disappeared after reduction and in any case did not 
affect the end-result. He stated that in twenty-five cases in which 
operations were performed there was one postoperative death. In the 
others good results were obtained. There were no recurrences of the 
dislocation. 

[Ed. Note. — Open operation in congenital dislocation of the hip is 
.coming into greater favor, particularly in the older or more difficult 
cases, because of the pathologic changes that often prevent reduction by 
manipulation. The end-results tabulated here, while on a small number 
of cases, are encouraging.] 

DISTURB.\XCES IN BONE GROWTH 

Osteitis Deformans . — Eelden and Bernheim ” made a study of 26 
patients with osteitis deformans and as a result concluded that Paget’s 
disease was a metabolic unbalance governed by the ductless glands. 
Tliey believed that the apparent overaction of the parathyroid glands 
could best be controlled by a proper dietar}" and medical regimen. This 
was as follows: viosterol. 10 drops three times a day; tomato juice, 6 
ounces (178 cc.) three times a day, and calcium lactate, 40 grains (2.6 
Gm.) twice a day. Improvement was observed in all of tbe patients 
under this treatment. 


2. Kidner, F. C.: Soutli. M. J. 25:350, 1932. 

3. Bcldcn, W. \V., and Bernheim, R.; Radiology- 18:324, 1932. 



162 


ARCHIVES OF SURGERY 


Roentgenography of the Bones in GaucheVs Disease. — Reiss and 
Kato * studied 3 cases of Gaucher’s disease in regard to the changes in 
the bones. The most constant and typical changes were observed in the 
lower end of the femur, which usually had a moth-eaten, punched-out 
appearance. There was an osteoporosis throughout the shaft. 
Pathologic fracture without bony displacement was common. The other 
long bones were frequently involved. Compression of the vertebrae was 
observed without a disappearance of the intervertebral disk, although 
the disks might be invaded extensively bj' the disease. 

The Growth of Bone. — ^Jansen,® in the 'Lady Jones Memorial Lecture 
delivered at Liverpool on Feb. 17, 1931, traced the development of 
certain concepts in regard to the formation and growth of bone. He 
showed how both excessive and subnormal functional pressure led to 
the absorption of lime salts from bone, and that an enhanced deposition 
of lime salts occurred somewhere between these two extremes. He 
believed that in exercise the bones were as well developed as the muscles. 
Two aspects of the increased vulnerabiiity of the rapidly growing cells 
of bone were given: (1) Injurious agents of all kinds might cause 
feebleness of growth. (2) The signs of feebleness of growth were 
given in three degrees: (a) The slight degree was characterized only 
by muscular weakness, weak feet, a prominent abdomen, round 
shoulders and blue hands and feet ; there was usually an overgrowth in 
adolescence, (h) The moderate degree was represented by the knock- 
kneed child, neither too tall nor too short, (c) The severe degree was 
characterized by severe muscular weakness; all of the cartilages of 
growth were affected, and the entire skeleton lagged behind the normal 
in growth. The severe form of enfeeblement of growth was observed 
in the first few years of life. Enfeebled bone substance showed two 
characteristics: increased fatigability and increased irritability. By 
studying the quantitative changes in growth in the locomotor apparatus, 
evidence of a feeble constitution might be obtained. The discovery and 
removal of the causes of such enfeeblement of growth would remove 
much disease and crippling of the human race. 

[Ed. Note. — ^Jansen’s views on the various factors influencing the 
growth of bone are thought provoking and merit consideration and for 
this reason they are worth while even if we are unable to agree with 
all of his conclusions.] 

NEOPLASMS 

Fibrosarcoma of Bone. — Geschickter® stated that the osteogenic 
portions of the bone do not give rise to sarcoma of the true spindle cell 

4. Reiss, 0., and Kato, K. : Gaucher’s Disease: Clinical Study, with Special 
Reference to Roentgenography of Bones, Am. J. Dis. Child. 43:365 (Feb.) 1932. 

5. Jansen, M.: Surg., Gynec. & Obst. 54:175, 1932. 

6 Geschickter, C. F. : So-Called Fibrosarcoma of Bone: Bone Involvement 
bv Sarcoma of the Neighboring Soft Parts, Arch. Surg. 24:231 (Feb.) 1932. 
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t 3 ’pe. Connective tissue tumors in bone arise from fibroblasts with 
a tendency to bone formation or from precartilaginous connective tissue 
destined to form bone via the intracartilaginous route. His study of 
thirty-one cases showed that the histologic composition of the new 
growth was a more reliable index of its clinical and pathologic behavior 
than its anatomic location or apparent relationship to bone. Fibro- 
spindle cell tumors should be studied in regard to the transition from 
oat cell to spindle cell to fibrospindle cell to adult fibroblasts. The more 
primitive the connective tissue cell, the more malignant was the tumor. 
In the undifferentiated oat cell type, neither excision nor roentgen 
therapy offered more than temporary relief. In neurogenic tumors 
involving bone, a similar microscopic gradation could be made. The 
more malignant the tumor, the greater was the number of large pleo- 
morphic nuclei and the more closely packed the spindle cells. The 
prognosis was extremely bad, death usually occurring in ffvo years. The 
author mentioned that bone was sometimes invaded by connective tissue 
tumors arising from outside the bone which gave a similar clinical 
picture, such as angiomas, m 3 'osarcomas and lipomas. When the fibro- 
sarcoma was not of the oat cell type, an attempt to eradicate the disease 
locally was justifiable. In the oat cell t 3 "pe, immediate amputation was 
indicated. Amputation was the treatment of choice in neurogenic 
sarcoma involving the bone. For angiomas, local excision followed b 3 - 
irradiation seemed the best treatment. Local excision was advocated for 
lipomas and amputation for m 3 'osarcomas. 

THE BACK 

Backache; Anatomic Consideration . — Willis ' reported his studies on 
the anatom 3 ' of man 3 ' spinal columns at Western Reserve Universit 3 '. 
He was particularly interested in the anomalous developments, such as 
spina bifida occulta, as 3 ‘mmetric sacralization and the “separate neural 
arch,” a defect in one or both laminae occurring between the superior 
and inferior articular processes of the lumbar vertebrae, most often 
the latter. The relationship of this last anomalv to spond 3 -lolisthesis was, 
as pointed out b 3 - the author, well known. Willis found the defect 
present in 79 instances in a stud 3 ' of 1,520 skeletons, an incidence of 
5.9 per cent. 

Spondylolisthesis . — Meyerding ® reviewed the findings in 207 cases 
of spond 3 ’lolisthcsis : 148 were in male patients and 59 in female 
patients. The condition was found to be due to instabilit 3 - of the lumbo- 
sacral articulation and to congenital defects in the lumbosacral region. 

number of patients had spond 3 -lolisthesis without symptoms. The 

7. Willis, T. : T. Bone S: Joint Surg. 14:267. 1932. 

8. Meyerding, H. W. : Snrg.. Gynec. 5: Obst. S4:37I, 1932. 
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chief symptom was baclcache, with or without radiating pain. 
Prominence of the sacrum and a shortened torso were common!}’ 
observed. Neurologic disturbances were rare. X-ra}' pictures, particu- 
larly lateral ones, helped greatly in the diagnosis. While spinal support 
often relieved the symptoms, the author advised fusion of the sacrum 
to the loAver lumbar spine. 

Typhoid Spine. — Wang and Miltner ® reported 2 cases of typhoid 
spine, 1 of which also presented a destructive arthritis of the sacro-iliac 
joint. There was complete recovery in both cases, with bony ank}dosis 
of the spines in the involved areas. The treatment used was prolonged 
recumbency followed by a spinal support. There was bacteriologic 
verification of the diagnosis in both cases. 

Gibbus Resulting front Tetanus. — Ciaccia collected cases from the 
literature, and added 2 of his own in which gibbus developed following 
tetanus. All of the lesions were dorsal in location excepting 2 in the 
lumbar region. They were characterized by an absence of destruction 
of the intervertebral disks, an absence of abscess formation and partial 
collapse of from one to three vertebral bodies. Various etiologic factors 
were discussed at length ; chief among these was the spontaneous verte- 
bral collapse in the presence of maintained muscular spasm. In 1 
case Ciaccia fused the spine, and in the other he obtained a satisfactory 
result by conservative therapy. 

SUPPURATIVE ARTHRITIS 

Suppurative Arthritis of the Hip. — ^From a study of 18 septic hips 
in 17 children, Caldwell “ concluded that it was important to establish 
the diagnosis of such a condition early and to determine, if possible, 
whether the infection was primarily an osteomyelitis of the femoral 
neck or whether it originated from the synovial lining of the joint. In 
all of the 17 cases the infection was of hematogenic origin. To wait 
for roentgen evidence in the presence of sepsis was often disastrous, 
because this rarely occurred before two weeks had elapsed. He favored 
early aspiration of the joint as a means of establishing the diagnosis. 
Twelve hips were drained by anterior incisions, 2 posteriorly and 4 b}'^ 
incisions over the inner side of the thigh, where abscesses were pointing. 
Postoperative traction in abduction was considered most essential to 
prevent dislocation. In cases in which there was a primary osteomyelitis 
or epiphysitis, ankylosis of the joint was apt to result. Frequent x-ray 
pictures during convalescent treatment were desirable to determine 
whether there was osseous involvement. 

9, Wang, L. K., and Miltner, L. J.: Chinese M. J. 46:1, 1932. 

10. Ciaccia, S. : Chir. d. org. di movimento 16:531, 1931. 

11, Caldwell, G. A.: Acute Suppurative Conditions of the Hip Joint, J. A. 
M. A. 98:37 (Jan. 2) 1932. 
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TUBERCULOSIS 

Operative Treatment of Tuberculosis of the Joints. — Henderson 
reviewed the present trends in the treatment of tuberculosis of the hones 
and joints. He stated that conservative treatment has its greatest field 
of usefulness in children, while operative treatment aiming to ank}-lose 
the diseased joints and to eradicate the disease is the treatment of choice 
in adults. It is important to select the patients for operation carefully, 
since the results in America are still poor, owing in large part to the 
unwillingness of patients to continue treatment sufficiently long. Each 
patient must be studied before the t 3 -pe of treatment can be decided. In 
general, patients in whom operative treatment is advisable should be 
beyond the age of puberty, free from active pulmonary tuberculosis and 
from tuberculosis of the genito-urinarj^ tract and also in good 
general health. The author advised against extensive operative pro- 
cedures in the presence of draining sinuses. In a series of more than 
600 cases, the operative mortaliu- was less than 1 per cent. 

Liver Meal in the Treatment of Amyloidosis in Surgical Tubercu- 
losis. — Whitbeck treated 7 patients with amyloid disease following 
tuberculosis of the bones and joints with liver extract. Powdered whole 
liver was used and given in doses of 1 drachm (3.9 Gm.) three times 
daily. Two patients died, 1 from an intercurrent infection and the other 
from cardiac failure. The other 5 showed benefit three months after 
therapy had been instituted, and thirteen months later there was distinct 
improvement, as evidenced by a diminution in the size of the liver and 
spleen, less anemia, less ascites and improvement in the general state of 
nutrition. However, in each case the Congo red test was positive at 
the end of eighteen months, indicating that sufficient lardaceous rhaterial 
was present in the organs to absorb the dye and to remove it complete!}' 
from the blood. 

POLIOMYELITIS 

Production of Antiviral Substances. — Howitt,’^ by the injection of 
poliomyelitis virus into 2 sheep and a goat over a period of years, was 
able to produce antiviral substances capable of protecting monkeys 
against infection. The author demonstrated also by a higher percentage 
of recoveries that the intramuscular route was preferable to the com- 
bined intravenous and intrathecal routes in giving convalescent serum 
to monkeys in the preparalytic stage of poliomyelitis. 

Convalescent Scrum in Prcparalytic Poliomyelitis. — In a fairly well 
controlled group of patients in the preparalytic stage of poliomyelitis in 

12. Henderson, M. S.: Minnesota Med. 15:141, 1932. 

13. Wliitbeck, B. H.: J. Bone & Joint Surg. 14:85, 1932. 

14. Howitt, B. F.: Proc. Soc. Exper. Biol. S: Med. 29:118, 1931. 
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southern New England in 1931, Kramer and his co-workers made a 
careful study of the therapeutic effect of human convalescent polio- 
m 3 ’elitic serum given by the combined intraspinous and intravenous 
routes. The authors were unable to obtain conclusive evidence that the 
convalescent serum was of value, or, on the other hand, that it was 
valueless. 

Abortive PolicmycUtis. — Paul and his associates reported the 
results of an epidemiologic study of poliomyelitis with particular 
reference to cases of “abortive” poliom 3 'elitis. B 3 ’^ “abortive” polio- 
m 3 'elitis was meant a minor illness showing more or less regular 
characteristics and occurring during an epidemic of poliom 3 'elitis. The 
symptomatolog 3 ' of these minor illnesses was not specific, but was essen- 
tially that of an acute infection of short duration, S 3 'mptoms of fever, 
sore throat, headache and vomiting dominating the picture. A surve 3 ' 
of 222 families, in each of which 1 or more cases of poliom 3 '^elitis 
developed, showed that in from 32 to 39 per cent of the other children, 
i. e., those not coming down with poliomyelitis, minor illness developed 
coincidental!}' with the onset of the known cases. In 60 control families 
studied, it was found that only 9 per cent of the children had minor 
illnesses during the time of the epidemic. It seemed reasonable to sup- 
pose that at least some of the minor illnesses were related to orthodox 
poliomyelitis. Only if it could be shown that a child became immune 
subsequent to the development of a minor illness could it be assumed 
that he had passed through an attack of the disease. This proof awaited 
further knowledge of the nature of immunity and of the means of 
measuring it. 

Poliomyelitis in California . — Meals and Bower reviewed the 1930 
epidemic of poliomyelitis in southern California ; 350 cases were studied. 
Spread by “healthy carriers” was frequentl}' obsen'ed. The patients 
were seen, on the average, on the fourth da}' of the illness. In 11.7 
per cent of the cases, paral3’si5 was found on the first examination. In 
12.86 per cent, the spinal fluids were negative, but the patients showed 
characteristic neurologic findings. Twent 3 '-two per cent were negative 
neurologically, but showed the usual changes in the spinal fluid. Treat- 
ment was almost wholly with pooled convalescent serum plus rest and 
immobilization, with dietetic and eliminative measures. Serum was 
given, either IS cc. intrathecally or 30 cc. intramuscularly or intra- 
venously ; the mode of administration depended on the severity and the 
advancement of the disease. The authors preferred the intravenous 

15. Kramer, S. D. ; Aycock. W. L.; Solomon, C. I., and Thenebe, C. L. : New 
England J. Med. 206:432, 1932. 

16. Paul, J. R.; Salinger, R., and Trask, J. D.: “Abortive” Poliomyelitis, 

J. A. M. A. 98:2262 (June 25) 1932. 

17. Meals, R. W., and Bower, A. G. : J. Lab, & Clin. Med. 17:409, 1932. 
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or intramuscular administration of serum when there were no 
phenomena of the central nervous system. In 82 per cent of the cases, 
the fever abated and the subjective symptoms subsided after the intra- 
cisternal injection of serum. In this series there were 60.9 per cent 
complete recoveries. In 25.66 per cent there was mild residual paralysis, 
and 10.28 per cent showed more extensive paralyses. The mortality 
was 3.16 per cent. In the entire country the death rate during this 
epidemic was 7 per cent. 

[Ed. Note. — The therapeutic effect of convalescent serum in the 
treatment of preparalytic poliom 3 ’^elitis is still sub judice. The most 
carefully controlled observations, although small in number, throw a 
doubt on the usefulness of the serum. Its use, however, should be 
encouraged until the matter is settled.] 

ARTHRITIS 

Hemophilic Arthritis . — ^Key reported a thorough studj' of a case 
of chronic hemophilic arthritis of the knee in which the patient was 
operated on because of a mistaken diagnosis. Macroscopic and micro- 
scopic studies were reported. Key divided hemophilic joints into two 
types : the acute hemarthrosis and the chronic arthritis. The first type 
represented the first or early attacks in which the picture was one of 
intrasynovial hemorrhage, varying in the severity of the symptoms 
according to the amount of hemorrhage. The second type, a joint into 
which there had been numerous hemorrhages over a period of years, 
showed a rather characteristic group of signs and symptoms. Grossly 
and clinically, this joint simulated almost any of the various types of 
chronic arthritic lesions. When the lesion was opened, the appearance 
was characteristic — a thickened, deepty pigmented synovial membrane 
with a fibrous subsynovial tissue, maplike destruction of the articular 
cartilage, replaced by either fibrous tissue or unorganized blood clot, 
and atrophic irregular subchondral osseous structure. A fle.xion 
deformity of the joint was frequentty seen. Operative inteiwention 
was contraindicated : conserv^ative therapy alone should be used. An 
excellent studj' of the various types of joints was given, as well as 
a review of the scant literature on these lesions. 

Syphilitic Arthritis loith Effusion. — Among 112 cases of acute and 
chronic arthritis with effusion, Kling found that 9 fS.l per cent) 
were due to S 3 'philis. All cases showed late manifestations of the 
disease. Over half of the cases were due to congenital S 3 'philis. Seven 
showed involvement of the svnovial membrane onlv; 1 patient had a 
juxta-articular gumma : another had osteochondritis and periostitis. 

IS. Key. J. .'3.: .Ann. Surp. 9S:19S. 19.32. 

19. Kliiip. D. H.; .\m. J. M. Sc. 183:5oS. 1932. 



168 


ARCHIVES OF SURCERT 


ICling based the diagnosis on (1) the presence of syphilis as shown by 
the Wasserinann reaction of the blood and by other sj’philitic lesions, 
i. e., keratitis and gumma, and (2) examination of the affected joint. 
He found that complete examination of the fluid of the joint was most 
important, particularly the Wassermann reaction. He found that a 
therapeutic test was of value in doubtful cases, always proving of benefit 
if the diagnosis was correct. 

CIRCULATORY DISTURBANCES 

Raynaud’s Disease . — Allen and Brown studied 150 cases of Ray- 
naud’s disease in order to determine the minimal requisites for diagnosis. 
The}" found that the symptoms described by Ra3'naud were necessary 
for a diagnosis. These were : gangrene or trophic disturbances limited 
almost wholly to the skin, symmetrical or bilateral involvement, absence 
of evidence of any occlusive lesions of the peripheral arteries and inter- 
mittent attacks. 

Deep Ligation of the Vein for Gangrene . — Pearse reported the 
results of deep ligation of the vein in 20 cases of diabetic and arterio- 
sclerotic gangrene. Thirty-one additional cases from the literature were 
reviewed. Ligation of the external iliac vein, the femoral vein or the 
popliteal vein was done. Of 20 patients so treated, the results in 8 were 
successful, the results in 8 were failures, and 4 patients died within a 
year without amputation. The cases were divided into 3 classes: (1) 
cases in which amputation of the leg should be done ; (2) those in which 
amputation should not be done, and (3) borderline cases. The bene- 
ficial results from ligation of the vein were warmth, diminution of pain 
and objective changes in the limb. Edema rarely occurred. Additional 
factors in the treatment of such limbs were enumerated in a discussion 
of the preoperative and the postoperative treatment. 

20. Allen, E. V., and Brown, G. E. : Am. J. M. Sc. 183:187, 1932. 

21. Pearse, H. E. : The Use of Vein Ligation in the Treatment of .'Arterio- 
sclerotic and Diabetic Gangrene, J. A. M. \. 98:866 (^larch 12) 1932. 
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ACUTE OSTEOMYELITIS OF THE VERTEBRAE 
HERBERT M. KLEIN, IM.D. 

XEW YORK 

Acute osteomj-elitis of the vertebrae constitutes a clinical entity of 
interest and importance to both the internist and the surgeon. The 
disease consists of an acute suppurative spondylitis generally conse- 
quent on metastatic infection of the vertebrae at the time of a previous 
bacteremia, occasionally the result of the involvement of the vertebrae 
by a local inflammation that has spread by direct extension. The mal- 
ady is serious, is often not recognized promptly and is attended with a 
considerable mortalitj'. The American literature has paid this subject 
scant attention. The following sixteen cases, proved by operation or 
necropsy, have occurred in the Mount Sinai Hospital chiefly during 
the past seven years and are presented to serve as a basis for the 
analysis of the disease and its clinical aspects. The aim of this study is 
clinical. For statistical and theoretical discussions of the subject, the 
reader is referred to Volkman,^ Wilensky " and Borchers.^ 

CLINICAL CONSIDERATIONS 

In general, the history, mode of onset and generic symptomatolog}' 
of all the cases had many features in common. However, for clinical 
purposes, it has been possible to subdivide the series into four groups 
according to the nature of the presenting clinical condition. The latter 
was usually a complication, e. g., epidural abscess, and often dominated 
the clinical scene. 

Hislory . — It is most important to elicit the historj' of a preexisting 
lesion which may have been the focus for a bacteremia. In contrast to 
osteomyelitis of the long bones, to which the young are so prone and 
which is so often cryptogenetic, the presumable portals of entry were 
established in fifteen of the sixteen cases. These included boils and 
carbuncles, previous chronic osteom3'elitis, pneumonia, cellulitis of the 

From the Medical and Surgical Services of the }iIount Sinai Hospital. 

1. Volkman, J. : Ueber die primare alcute und subakute Osteomyelitis puru- 
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arm, phlebitis of the hepatic vein radicles subsequent to cholangeitic 
abscess of the liver, acute bacterial endocarditis of the aortic and mitral 
valves, cystitis with purulent prostatitis, mastoiditis with mastoidectomy, 
lateral sinus thrombosis, purulent bronchitis in cachexia (phlebitis of 
the smaller radicles of the pulmonary vein?) and a secondarily infected 
hematoma. Typhoid fever, paronj’chia, alveolar abscess, pharyngitis 
and mastitis may also be sources of bacteremia with metastatic osteo- 
mj-elitis.^ A history of true rigor may be obtained, and is of great 
significance even though it ma}' have occurred man}" months before. 
Trauma played no appreciable role in this series of cases. 

Mode of Onset . — As well as could be determined, the shortest time 
in which objective evidence of a local pathologic process developed was 
ten days (case 2). In all the other cases, at least two weeks were 
necessary. Generally, a little local pain or rigidity was complained of ; 
this gradually became more severe until there was complementary evi- 
dence of local disease. In no case was there sudden onset with se\"ere 
local sj'mptoms and signs pointing to the underlying processes. Pari 
passu with the aggravation of the local condition was the intensification 
of the systemic indications of the infection. 

Generic Characteristics . — In contrast to the osteomyelitis of the long 
bones, only two of these cases occurred in children. The patients were 
all febrile and apparently suffering from an infection, with the cus- 
tomary manifestations of fever, tachycardia, leukocytosis, albuminuria, 
etc. These observations show the necessity for careful investigation 
when the process is not superficial and therefore obvious. None of the 
cases presented the appearance of rapidl}" fatal overwhelming infection, 
with signs only of generalized intoxication without localization, which 
is occasionally seen in osteomyelitis of the long bones. The difference 
may be due to the relatively small amount of marrow infected, in con- 
trast to the amount involved in disease of the long bones. 

The following local characteristics may be common to osteomyelitis 
of the spine, no matter where situated: 

1. There is pain, especially on motion. The aggravation of the pain 
on motion may be due to the spasm of the contiguous musculature or 
to pressure on a diseased intervertebral disk. Pain on j’olting is often 
absent and is less prominent than in tuberculous spondjditis.^ 

2. Local tenderness may or may not be present over the spinous 
processes. It is less apt to be present when only the bodies of the 
vertebrae are diseased. In two cases pain was maximal over normal 
vertebrae. In case 10, clinically, tenderness had been elicited over the 
spinous processes of the second and third sacral vertebrae; however, 
at necropsy, the osteomyelitic foci were found in the second and third 
lumbar vertebrae. 
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3. Signs of local inflammation generally indicate perforation and are 
most commonly present rvhen the laminae or processes are aftected, but 
ma}' be present in exclusive involvement of the vertebral bodies. 

4. There is a grating sensation on palpation, owing to sequestration 
of a spinous process.^ 

5. Local deformity with actual gibbus may occur, owing to the col- 
lapse of the diseased vertebrae, as in case 13. Generally, there is only 
transient deformity, due perhaps to muscle spasm which disappears with 
the subsidence of inflammation.^ 

The cases may be divided into the following groups: 

Group I. The most frequent clinical picture presented is that of 
abscess formation. This maj' occur anj-where along the spine. Although 
the pathologic process is ever 3 r\vhere essentially the same, the difference 
in the location of the site involved causes a variety of clinical pictures. 
In the order of frequency these are as follows : 

A. The abscess generally presents in the back, near the vertebral 
column. The skin over the suppurating area most often reveals no 
local etiologic lesion (when the process is metastatic in origin). There 
may be no signs or symptoms of underlying bony disease. In this 
series, ten days was the shortest period of time for the formation of 
an abscess large enough to be recognized. At operation bare bone is 
felt at the base of the abscess cavitj'. This establishes the osteomyelitic 
origin of the abscess. 

B. The next most frequent situation for the abscess is the region 
of the psoas magnus muscle. A tremendous collection of pus may 
be present here and yet not cause a swelling conspicuous enough to be 
detected by careful physical examination. Its existence may have to 
be inferred from the presence of tender enlarged inguinal lymph nodes 
associated with homolateral psoas spasm. When a tuberculous abscess of 
the spine gravitates along the psoas muscle down to the inguinal region, 
caseating inguinal adenopathy occasionally develops in a similar fashion, 
but the swelling created is cold, indolent and generally not tender. Because 
of the involvement of lumbar nerve roots by the inflammatory' process, 
there "may be abdominal distention, pain and rigidity', so that one may- 
be inclined to infer the existence of an acute surgical inflammation 
within the peritoneal cavity' (“acute abdomen”). The presence of costo- 
vertebral tenderness, with a local mass or spasm of the lumbar muscles 
and purulent urine, may lead to the erroneous diagnosis of perinephritic 
abscess, secondary to a perforated cortical abscess of the kidney-. Since 
this is frequently a concomitant metastatic lesion, the diagnosis may be 
Established with certainty only at operation. 

C. An apparently' idiopathic abscess may present in the buttock. 
At operation bare bone may not be felt at the base of the abscess 
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cavit}'. In such a case one must investigate the lumbar and sacral 
vertebrae for the presence of an osteom)'elitic focus. A collection of 
pus arising from these vertebrae may gravitate down along the tissue 
planes, pass through the major sciatic foramen and present in the 
buttock. It may also pass over the crest of the ilium and present in 
the buttock. It is because of this devious route that bare bone is not 
encountered at operation. The collection of pus may pass through the 
minor sciatic foramen and present beside the anus. This may be the 
explanation for a persistently draining ischiorectal abscess. 

D. The mediastinum may also be the seat of abscess formation. 
The patient may complain of pain in the cliest or abdomen, a pleuritic 
friction rub may be heard, and later there may be present an area of 
dulness with diminution of breath sounds. Constant dr}^ cough and 
hiccup may occur. The diagnosis of mediastinal abscess is made by 
(1) a historj' of a focus capable of giving rise to a bacteremia, (2) 
localized tenderness over the spinous processes of the thoracic vertebrae 
and (3) roentgenographic evidence of widening of the mediastinum, 
like that produced b}' mediastinal collections of fluid. 

Group II. The second most frequent clinical group is that in which 
the patients present a variety of complaints referable to the nervous 
system. There may be paresis or paralysis of a limb, sphincteric dis- 
turbances, abnormalities in the reflexes, impairment of sensory percep- 
tion or tenderness along the peripheral nerves. Because of the presence 
of an infection elsewhere in the body and findings that simulate those of 
myelitis or peripheral neuritis, an erroneous diagnosis of “toxic myelitis” 
or “toxic neuritis” is often made. The signs and symptoms are gen- 
erally due to involvement of the nerve roots by the inflammatory exudate 
or to compression of the spinal cord, which is consequent on pachy- 
meningitis, epidural abscess, etc., the result of perforation of the osteo- 
myelitic focus. The latter must be suspected when a patient with a 
history of an inflammatorj" focus capable of giving rise to a bacteremia 
shows signs and symptoms referable to disease of the spinal cord. Of 
great diagnostic value are tenderness over the spinous processes, signs 
of a level lesion, evidences of spinal subarachnoid block and pleocytosis 
in the cerebrospinal fluid. This group of related conditions in a patient 
suffering from an infection is most suggestive of perforation of an 
osteomyelitis of the vertebrae. 

Group III. In this group may be classed those patients who present 
only pain in the back and fever. No other findings may be elicited 
despite elaborate efforts to determine the cause of the pain. S}'mp- 
tomatic measures fail to give relief. Roentgenographic examination of- 
the painful segments of the spine may jdeld negative results despite 
months of suppuration. Diagnosis is most difficult in these cases and 
may be established only by operation. When the general clinical picture 
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indicates the existence of infection and tliere is a history of previous 
bacteremia, an exploratory operation may have to be performed, espe- 
cially when the painful area is tender. It may he fatal to postpone 
operation until one has the confirmator\- evidence of a complication 
(spinal meningitis). 

Group IV'. The fourth group includes those patients who suffer 
from widespread suppuration consequent on a bacteremia. There are 
multiple abscesses throughout the viscera, e. g., in the kidneys, spleen 
and lungs, and, coincidentally, abscesses in the vertebrae. The clinical 
picture produced is a summation of the signs and symptoms due to the 
suppurative spond\-litis, as described in the first three groups, and those 
dependent on the nature and location of the coincident metastatic 
abscesses elsewhere and the complications subsequent to them. 

The cases comprising this group are least in importance from a 
therapeutic standpoint. Even if the bone focus is susceptible to adequate 
treatment, death occurs because of the already established, generalized, 
metastatic abscesses. However, in cases in which the osteomyelitic 
focus is itself the source of a bacteremia, often persistent, adequate 
local treatment may eradicate the focus and terminate the bacteremia ; 
the metastatic foci may heal completely, and the patient may then 
recover. 

PATHOGENESIS 

There are two wai'S in which the vertebral infection may occur. 
Most frequently, there is a localized infection which gives rise to a 
bacteremia; bacteria localize in the vertebrae and cause an osteomyelitis. 
This mode of development is well illustrated by case 10, in which a 
pneumococcus type I was recovered from the pus in the infected 
mastoid process, from the blood stream on the day after operation and 
from the pus in the mediastinal abscess produced by the vertebral 
osteomyelitis. This development can be traced in cases 5, 10, 11 and 14. 
In rare -instances there is a local inflammation which spreads and 
involves the vertebrae by direct extension (case 6). 

BACTERIOLOGY 

In the literature the following have been described as causative 
organisms: Staphylococcus aureus and albus, Streptococcus pyogenes. 
Bacillus typhosus. Micrococcus tetragenus,’^ B. parat 3 -phosus A * and 
B. perfringens.® In addition to these there were found in this series 
Streptococcus viridans, the pneumococcus, types I, III and IV’, and the 
Friedlander bacillus. In view of the variety of organisms that have 

4. Zanboni, G. : Osteomyelite degli archi vertebrali della II-III-IV lombare 
da paratifo A, Ann. ital. di cbir. 5:499 (May) 1926. 

5. Laborde, J. P. A. it. : Etude sur les spondylites staphylococciques de 
I’adulte, These, Paris, 1926, vol. 39. no. 93. 
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already been found responsible, it would not be wise to rule out the 
diagnosis if there should be isolated from a patient suspected of verte- 
bral osteomyelitis an organism (e. g., B. coli) that has hitherto not been 
described in this condition (see addendum). 

In six of the cases, blood cultures were taken, and in each case bac- 
teria were recovered from the blood stream. In four of the cases, the 
focus causing the bacteremia was distant from the local bone disease, 
e. g., hepatic vein phlebitis; in one (case 6), it was the local inflam- 
mation, and in one other (case 12), it was a phlebitis, complicating a 
perforation into the soft tissues of the vertebral suppuration. Depend- 
ing on the nature of the causative focus, the bacteremia was transient 
(cases 6 and 10) or lasted until the death of the patient (cases 11, 13, 
14 and 15). 

PATHOLOGY 

Anatomicall}', the cases can be divided into two groups, depending 
on whether the bodies or the processes of the vertebrae are the sites 
of the inflammation. In ten cases the bodies were involved ; in eight of 
these there rvas frank suppuration, often with abscess formation ; in one 
(case 10), the body was merely denuded of periosteum, roughened and 
tender, and in one other the nature of the corporeal involvement could 
not be determined. In only three cases was a bony process found to be 
the seat of the inflammation. In three cases it was not possible to 
ascertain definitely which portion of the vertebrae was diseased. In the 
cases in which the process was involved, the inflammation was chiefly 
superficial, the exposed bone being merely bare and rough. Perforation 
was earlier when the inflammation occurred in a process, perhaps 
because of the smaller volume of bone affected. 

It is customary to divide vertebral osteomyelitis into cortical, or sub- 
periosteal, and medullar}" types. To the former belong the cases that 
present only superficial infection of the bone, which is denuded of 
periosteum, rough and tender; thej" occur chief!}" in infection of the 
processes. To the latter belong the cases v'ith frank suppuration and 
abscess formation ; they occur chiefly in infection of the vertebral bodies. 
If the necrosis is sufficiently extensive, the body may be crushed. 

Worthy of mention is a chronic form of the disease described by 
Radt.** In this condition the process may last for many years, with the 
formation of an ossifying perivertebral granulation tissue which com- 
presses the nerve roots and produces severe, intractable radicular pains. 

In cases of bacteremia, it is probable that organisms are carried to 
many bones besides those which become diseased. Just why certain 
vertebrae fall a prey to the bacterial invasion is impossible to state. 
In one case two widely separated vertebrae were infected, while in four 

6. Radt, P. : Ueber. chronische Osteomyelitis der Wirbelsaule und des Kreuz- 
beins, Mitt. a. d. Grenzgeb. d. Med. u. Chir. 41:389 (!May) 1929. 
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cases Uvo annectent vertebrae were diseased. In only two cases can 
there be implicated a contributory factor, favoring the development of 
the metastatic process. In one (case 15) there was an old local spondy- 
litis. and in the other (case 16) Hodgkin's infiltrations were present 
in the vertebral body. 

When perforation occurs posteriorly, a superficial abscess forms ; it 
is readily drained, and convalescence is generally uneventful. 

Serious complications are usually consequent on perforations that 
do not come from the processes or laminae and that are not directed 
posteriorly. Irrespective of the situation of the disease process, the 
most frequent and most serious complication is that of involvement of 
the central nervous system. Compression of the spinal cord may be 
caused by: (a) an epidural abscess, secondary to perforation into the 
epidural space; {b) a subdural abscess secondary to epidural infection; 
secondary to the subdural infection, spinal leptomeningitis may occur 
and spread to involve the cerebral leptomeninges ; (c) a pachymeningitis. 
In a case described by Fraenkel ' there was a cervical osteomyelitis 
secondary to infection of a toe; the signs and symptoms of compression 
of the spinal cord developed; at necropsy the dura mater adjacent to 
the osteomyelitic focus was found to be thickened and infiltrated with 
round and plasma cells, among which there were many organisms 
resembling staphylococci ; there was a definite compression of the spinal 
cord by the thickened dura ; there was no epidural or subdural abscess. 

Another complication is that of involvement of a major vascular 
trunk. In case 12, the purulent exudate, surrounding the right common 
iliac vein, produced a fatal thrombophlebitis. The inflammatory mani- 
festations noted clinically in the right lower extremity were considered 
the result of retrograde phlebitis, although no substantiation by anatomic 
examination was undertaken at necropsy. There is a case described by 
Plenz ® in which an intercostal vein, secondarily infected by pus from 
the dorsal vertebrae, was responsible for a bacteremia with metastatic 
abscesses and a fatal outcome. This thrombophlebitis had caused a 
swelling of the overlying soft tissues, which were red and tender. This, 
clinically, was thought to be due to the burrowing of pus from tbe dis- 
eased vertebrae. At operation no pus was found to explain the soft 
tissue swelling. The thrombophlebitis was neither suspected nor detected 
and }'et was the most important inflammatory process present. A case 
of fatal erosion of an iliac artery has been reported.® 

7. Fraenkel, E. : Ueber Spondylitis acuta infectiosa und Riickenmarkser- 
krankungen, Fortschr. a. d. Geb. d. Rontgenstrahlen 30:103 (Jan. 15) 1923. 

8. Plenz, P. G. : Ueber Osteomyelitis acuta und subacuta der Wirbel, Deutsche 
med. Wchnschr. 47:416 (April 14) 1921. 

9. Corret, P. ; Michon, P., and Renj', F. : Abces osteomyelitique vertebral 
ayant ulcere I’artere iliaque externe chez un ancien blesse de guerre. Rev. med. de 
Test 57:259 (May 1) 1929. 
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Tliere are a number of complications recorded which depend on the 
location of the diseased vertebrae. In tlie cervical region the following 
ma}- occur: (1) direct e.xtension of the inflammatory process to the 
intracranial cavity, generally with fatal cerebral leptomeningitis®; (2) 
involvement of the roots of the phrenic ner^’e by the inflammator}’^ 
granulation tissue or pus, with consequent paralysis of the diaphragm; 
(3) retropharyngeal abscess with respiratory obstruction, and (4) gravi- 
tation of the pus into the posterior mediastinum, with possible secondary 
perforation into a pleural or the pericardial cavity. 

In the thoracic region there may occur: (1) perforation into the 
esophagus and (2) perforation into the mediastinum, with possible 
secondary perforation into a pleural or the pericardial cavit}'. 

In the lumbar region the following may occur: (1) psoas abscess, 
the most common complication of lumbar osteonn-elitis and alread}' 
discussed, (2) perforation into the intestine, with consequent purulent 
diarrhea, and (3) perforation into the urinary tract, with sudden 
massive pyuria. 

Although signs of peritoneal irritation are not infrequent, actual 
peritonitis is rare. It is most unusual for a psoas abscess to perforate 
into the peritoneal cavity. 

ROLE OF THE X-RAYS IX DIAGNOSIS 

The x-rays were not of great sendee in demonstrating the presence 
of osteom 3 "eiitis. Onl}' after bone destruction or new bone formation 
has occurred may one expect roentgenographic change. In eleven of 
the cases, roentgenograms were taken. In nine of these cases the 
examination was undertaken before operation or necropsy revealed 
the underlying pathologic process. In not a single one of these cases 
did the roentgenologist report evidence of acute osteomyelitis. The 
plates were either negative for bone disease or revealed nonspecific 
h 3 'pertrophic spond 3 ditis. George and Leonard also noted this ten- 
dency to rapid bone formation. The inflammatory processes in these 
cases varied in duration from at least a week to nine 3 -ears. In three 
cases the roentgenograms were positive. In case 1, roentgenograms 
were taken one month after operation and showed evidence of osteo- 
myelitis. In case 3, x-ray pictures were taken two da 3 's after operation 
and revealed crushing and fusion of three vertebral bodies, the under- 
lying pathologic process being certainl 3 '^ more than two weeks old; the 
exact duration could not be ascertained. In case 5 roentgenograms 
were negative the da 3 ’^ before operation, but were positive two and a 
half weeks after operation. Therefore, in a patient with yertebral 

10. George, A. ■\^^, and Leonard, R. D. : The Vertebrae, Ann. Roentgenol. 
8:70, 1929. 
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inflammatory disease the roentgenogram may be negative or reveal only 
evidence of hypertrophic spondylitis, despite the presence of an abscess 
in the bone, varying in estimated duration from ten days to four 
months. It is probable that many of the chronic cases (such as case 
14 -with gibbus formation) would show roentgen changes, but here the 
diagnosis is no longer in doubt. It may be that with more frequent 
roentgenographic examinations, the roentgenogram will prove to be of 
more value (see addendum). 

PROGNOSIS 

The prognosis is largely dependent on the following factors : A. The 
presence and nature of an existing complication. Involvement of the 
spinal cord offers the worst prognosis, and the formation of an abscess 
presenting in the back and resulting from a posterior perforation, the 
best prognosis. 

B. The localization of the inflammation in the body or a process of 
a vertebra. In three of the cases presented, death was due indirectly 
to the local osteomyelitic focus alone, and in each instance the seat of 
the disease was in the body of the vertebra. In six cases there were 
concomitant abscesses in various viscera ; in five of these cases, the hod}- 
was the involved portion of the vertebra, while in the sixth the body of 
one and a process of another vertebra were involved. In three cases 
the processes were involved and in two others it is probable that the 
inflammatory process occurred in the processes. In four of these cases, 
uncomplicated by infection elsewhere, convalescence was uneventful. 
The fifth patient is in the hospital at present; his progress is satis- 
factor 3 ^ In general, therefore, the involvement of the bodj' carries with 
it a graver prognosis than does involvement of a process of a vertebra. 

C. The promptness of the diagnosis and the adequacy of the surgical 
treatment. 

D. The type of bacterium causing the infection. This does not play 
a considerable role; e. g., case 11, due to Streptococcus viridans, was 
fatal, while in case 10, due to a pneumococcus tj’pe I, and case 4, due 
to Staph 3 dococcus aureus, the patients recovered. 

E. The general resistance of the patient. Although it is undoubtedl 3 ' 
a factor, it is difficult to evaluate. 

TRE.^iTMEXT 

The treatment is surgical. Concerning it I wish to make only the 
following comment: A. The primar 3 ' aim is to drain the suppurating 
area, especially in order to prevent complications due to perforation. 

B. The focus in the bone itself must be drained ; it is not sufficient 
to drain the complicating infection, e. g., an epidural abscess. Radical 
therap 3 ' ma 3 ' not be feasible when the patient is acuteh' ill, but it is nec- 
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essar}' for the accomplishment of a complete cure. Patton " described 
a case in point. In a case of thoracic osteomyelitis, there was removed 
only' some necrotic bone, easily- encountered, with the drainage of a 
small amount of pus. However, because of the progression of symp- 
toms and the development of paraplegia, a second and more extensive 
operation was necessary after an interval of six weeks ; on this occasion 
the diseased spinous processes and laminae and an exudate on the dura 
were removed, with the resultant disappearance of the paraplegia and 
a gradual complete cure. 

C. The presence of metastatic foci does not contraindicate operation. 
The osteomyelitis may- be the focus of the bacteremia. Cases of bac- 
teremia with metastatic abscesses of the lung are not infrequent, in 
which, with the removal of the focus of the bacteremia, the abscesses 
in the lung heal spontaneously. 

D. Recovery may- occur after operation despite the presence of bac- 
teria and a pleocy'tosis in the cerebrospinal fluid (case 6). Signs of 
compression of the spinal cord were present in this case and disappeared 
after the drainage of a collection of pus exterior to the vertebral column. 
Acute inflammatory compression of the spinal cord does not necessarily- 
indicate the presence of more than edema of the epidural tissue and does 
not warrant a nihilistic attitude, even in the presence of evidence indi- 
cating an infected cerebrospinal fluid. 

The mortality is still considerable. The following estimates are 
presented : 

Makins and Abbott (Ann. Surg. 23:510 [May] 1896).. 71.4 per cent 


Volkman (1914) 41.8 per cent 

Borchers (1930) 56.3 per cent 

Mount Sinai Hospital (1931) 51 percent 

(Case 5 excepted) 


DIAGNOSIS 

From what has been said, one can see how varied the clinical picture 
may be. The diagnosis must be entertained whenever any patient who 
has suffered from an infection presents signs and sy-mptoms referable 
to a vertebral osteomyelitis, A patient who presents a history- of a boil 
and in whom a sudden paraplegia develops must be investigated for 
epidural abscess. An apparently idiopathic abscess in the back must 
have its cause determined before meningitis occurs. One cannot dis- 
miss the diagnosis because a bacterium not generally encountered in 
osteomyelitis has been obtained in culture. The acute nature (warmth, 
tenderness, redness, etc.) of the local inflammatory process should 
differentiate it from tuberculous spondylitis (Pott’s disease). In the 

11 Patton, C. L. : Acute Osteomyelitis of Spine, Illinois M. J. 57:268 (April) 
1930. 
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literature, cases have been diagnosed as typhoid fever and cerebrospinal 
meningitis. In none of this series was this impression created. With 
the increase of bacteriologic knowledge, the presence of these diseases 
should be established rapidly. The most frequent diagnostic error has 
been the failure to consider the possibility of existence of vertebral 
osteomyelitis. A diagnosis of “toxic myelitis” should be made only 
after ever}- effort has been made to rule out an epidural abscess. 

SUMMARY 

On the basis of sixteen cases, the subject of acute osteomyelitis of 
the vertebrae is presented with an analysis of the nature of the disease, 
its etiolog}', its pathogenesis, its clinical aspects, the value of roent- 
genograms in diagnosis, and some of the considerations underlying the 
prognosis and the therapeutic approach. The cases themselves are 
presented in detail as follows. 

GROUP I. TYPE WITH ABSCESS FORMATION 

Case 1. — J. W., a man aged 31, was admitted to the hospital on May 6, 1925, 
with the historj- of a boil on the neck three weeks before admission, and pain over 
the left sacro-iliac region, first noticed two weeks before admission, spreading 
one week later to the left hip and tliigh. Since the onset, the temperature had 
ranged between 100 and 103 F. ; sweats had occurred every night, but there had 
been no chills. 

Physical examination revealed tenderness and edema to the left of the lower 
lumbar vertebrae. Pain was spontaneous and increased on movement of the 
spine. 

Course . — On l^Iay 10, there was a sense of deep fluctuation to the left of the 
fourth and fifth lumbar vertebrae. Aspiration yielded thick yellow pus. A 
diagnosis of osteomyelitis of the vertebrae was then made. 

Operation . — On !May 10, operation revealed an abscess cavitj- containing 4 
drachms. (15.5 Gm.) of thick pus; in the floor of the cavity bare, rough bone 
was felt, which was interpreted as the left transverse process of the fifth lumbar 
vertebra. The cortex of this bone was removed. 

Drainage was freed and convalescence uneventful. 

Observations . — Bone removed at operation showed osteomyelitis. 

Roentgen examination on June 9 showed rarefaction of the left upper articular 
process of the fifth lumbar vertebra, indicating a probable osteomyelitis. 

Case 2. — G. S., a 61 year old man, entered the hospital on Feb. 6, 1919, with 
a history of dull pain in the right thigh and lower part of the back for five weeks. 
Walking was difficult because of the pain. 

Physical examination revealed a well nourished man, subacutely ill and supine, 
with the right hip flexed. Marked rigidity was present over the right half of the 
abdomen with an indefinite resistance in the right lower quadrant. On the right 
side of the lumbar spine were two masses, which were tender and fluctuant. The 
skin was reddened over them and there was marked edema of the entire lower 
part of the back. A Babinski sign was present on the right. The temperature 
was 102 F., the pulse rate 80 and the respiratory rate 20. The urine was normal. 
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Operation— On February 8, an incision was made in the right costovertebral 
angle; several ounces of pus were obtained. The abscess cavity led down to 
roughened bone. On March 3, incision and drainage of the same abscess were 
again performed; rough bone was felt in the base of the abscess. A pocket of 
pus anterior to the spine was released and the wound curetted. 

Course. — The temperature was normal thereafter and healing progressed 
uneventfulh-. The patient was readmitted on June 13. He was operated on 
twice on the second admission. On August 25, bare bone was felt with the curet. 
The patient was discharged on September 19, with the sinus healed. In 1921 there 
was a scant spontaneous discharge from the site of the scar, lasting one week; 
no operative indication was present. 

Observations. — Urinalj'sis on Feb. 9, 1919, revealed no albumin or sugar; 
microscopic e.vamination gave negative results. 

Curettings removed at operation on March 19 showed chronic inflammatorj’ 
tissue. 

Roentgen examination showed; On Feb. 8, 1919, there was no evidence of a 
pathologic condition in the lumbar or the six lower dorsal vertebrae, except for a 
slight degree of spondylitis. On March 6, no evidence of pathologic condition 
in the lumbar vertebrae was noted. On April 2, the lumbar spine showed evidence 
of a slight spondylitis; however, a drainage tube present at the site of the right 
transverse process of the second lumbar vertebrae might have concealed a diseased 
area in the bone. On April 4, 1921, examination of the lumbar spine showed 
coalescence of the first and second lumbar vertebrae as seen in cases of old arthritis. 
On April 6, e.xamination of the lumbar spine after the injection of bismuth showed 
the bismuth starting at the level of the fourth intervertebral space and reaching 
up as far as the transverse process of the second lumbar vertebra. 

Case 3. — R. F., a boy aged 8 years, was admitted to the hospital on Aug. 18, 
1925. He had had osteomyelitis of the right forearm and left femur four years 
before admission. Since then he had always been ailing. Two weeks before his 
admission, swelling and tenderness developed in the right lumbar region and he 
had an afternoon temperature of from 101 to 102 F. 

Physical examination revealed, in addition to scars of previous operation on 
the right forearm and left thigh, a fluctuating, painful and tender mass, 
inches (6.3 cm.) in diameter, in the right lumbar region. The diagnosis was 
lumbar abscess secondar 3 ' either to a renal abscess or to osteomyelitis of the spine. 

Operation.. — On August 19, incision and drainage of the abscess were per- 
formed. Bare bone was felt in the floor of the abscess cavity. 

Course. — ^\Vith adequate drainage, the wound did well and the patient was 
discharged on September 21, -with only a slight discharge from the sinus tract. 
A follow-up note on Jan. 4, 1928, stated that the patient was well; no note was 
made concerning the lumbar region. 

Laboratorv Observations. — A blood count, on Aug. 19, 1925, showed white 
blood cells, 14,250; polymorphonuclears, 80 per cent. 

A culture of pus from the abscess on August 19 revealed Staphj’lococcus aureus. 

A roentgenogram on August 21 demonstrated evidences of a destructive process 
involving the bodies of the twelfth thoracic and first and second lumbar vertebrae, 
with crushing and fusion of these bodies. 

4 a man aged 45, was admitted to the hospital on ilarch 12, 1926, 

with the following history. Eighteen j'ears before, he had had osteomyelitis of the 
right femur. Nine years later he was operated on, and a collection of pus was 
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found at the level of the first and second lumbar vertebrae behind the psoas 
muscle. No culture of this pus was taken. For three weeks prior to admission 
he had been suffering from pain in the back, progressive in nature and accom- 
panied occasionally by fever. 

Physical examination revealed evidences of mitral stenosis and insufficiency, 
probably rheumatic, and swelling, tenderness and spasm of the muscles to the left 
of the scar of the previous operation in the lumbar region. The temperature 
was 106 F. The diagnosis was exacerbation of an old osteomyelitis with spon- 
taneous perforation along the scar of the previous operation. 

Operation. — On March 15, an incision was made over the swollen area and pus 
obtained. In the base of the cavity pus was seen oozing from the bone. The 
necrotic bone was chipped away and the cavity drained. 

Course. — The wound did well, and with a minimal discharge still present, the 
patient was discharged to the care of his private physician. 

Laboratory Observations. — Culture of pus revealed Staphylococcus aureus. 

The necrotic bone removed at operation was reported as showing evidences of 
acute osteomyelitis. 

On March 13, 1926, roentgen examination of the lumbodorsal spine showed only 
evidences of hypertrophic spondsditis. In the anteroposterior position the fourth 
lumbar vertebra did not appear to be normal. However, in the lateral position, 
nothing was seen to support this view. 

Case 5. — L. G., a 51 year old man, was admitted to the hospital on Feb. 11, 1932. 
For seven months prior to admission he had had a discharging right otitis media. 
Four months prior to admission, the right preauricular region of the face was 
swollen for two weeks. Shortly after this the patient began to suffer from pain 
in the left flank and left costovertebral angle. There tvas fever with chilly 
sensations for eleven weeks prior to admission. A blood culture at another hos- 
pital three months before had revealed the pneumococcus type III. 

Physical examination revealed a chronically ill looking man who could not 
move about because of pain in the lumbar region of the back. Both ear-drums 
were intact. A few shotty lymph nodes were palpable in the right anterior cer- 
vical region. The right costovertebral angle was tender, bulging and fluctuant. 
The left costovertebral angle was full and tender. There was shock tenderness 
over the lumbar spine. The diagnosis of osteomyelitis of the lumbar vertebrae 
Avas made. 

Operation. — On February 13, the right and left lumbar spaces were incised. 
On the right side an abscess cavity containing 8 ounces (226 Gm.) of pus and a 
sequestrum of the right transverse process of an upper lumbar vertebra were 
found. On the left side an abscess cavity was encountered at the bottom of which 
a denuded transverse process of an upper lumbar vertebra was found. There was 
a communication between the abscesses across the anterior aspect of the spine. 

Course. — The patient is still in the hospital with the operative wounds draining. 
His condition is satisfactory. Exploration of the right transverse sinus on March 
13 showed complete obliteration of the sinus oAving to a healed thrombophlebitis. 

Observations. — A blood count on Feb. 12, 1932, showed: hemoglobin, 47 per 
cent; red blood cells, 2,890,000; white blood cells, 21,000; polymorphonuclears, 76 
per cent. 

Urinalysis showed : specific gravity, 1.012, acid, a few single white blood cells 
and no albumin. 

A blood culture on Febrary 12, was sterile. A smear of pus obtained at opera- 
tion, on February 13, showed gram-positive cocci; no tubercle bacilli were seen. 
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A culture yielded the pneumococcus type III. A culture of the urine on February 
13 sliowcd tlic pneumococcus type III and Staphylococcus albus. 

Roentgen examinations were as follows : On February 12, examination of the 
spine siiowcd no evidence of osteomyelitis. There was moderate hypertrophic 
spondylitis of the lower dorsal and lumbar bodies. On JIarch 2, ree.xamination 
of the lumbosacral spine showed almost complete disappearance of the right 
transverse process of the second lumbar vertebra, and an e.xaggeration of the 
spondylitis, involving the second and third vertebrae. There was mark-ed clouding 
of the entire right mastoid process. 

Comuicnt . — ^This is considered to be a case of otogenic sepsis, due 
to the pneumococcus type III, consequent on a latent spontaneously 
healing thrombophlebitis of the right transverse sinus, with metastatic 
infection of the lumbar vertebrae. 

Case 6. — R. V., an infant 2 months of age, was admitted to the hospital on 
Sept. 10, 1923, with the liistory of a bluisli swelling on the back of the neck, 
present at birth; this became bard and two weeks later discharged pus, which 
continued to drain up to the time of admission. For six days before admission, 
fever had been noticed. For five days the infant had not been able to move lier 
left arm. 

Physical examination revealed a reddened area of induration on the posterior 
aspect of the neck. The infant could not move cither arm. The upper extremities 
showed flaccid Iiypotonia with anesthesia. The right lower extremity was spastic. 
Aspiration of the swelling yielded a few drops of pus. 

Operation . — On September 12, operation revealed a large collection of pus 
under tension, deep to the erector spini muscles; in the base of the abscess rough 
bone was e.xposed, which was thought to be the left transverse process of the 
fifth or sixth cervical vertebra. 

Course . — The wound healed satisfactorily, the motor and sensory disturbances 
cleared up and the patient was discharged. Convalescence was uneventful except 
for a period of aggravation of the symptoms of infection with transient bacteremia 
about September 22. 

Laboratory Observations . — A blood count on Sept. 11, 1923, showed: white 
blood cells, 40,200; polymorpbonuclears, 54 per cent. 

A blood culture on September 14 was sterile. On September 22, a culture 
revealed 200 colonies of Staphylococcus aureus per cubic centimeter. 

Cultures of the cerebrospinal fluid showed; on September 12, 24 cells and 
sterile fluid ; on September 22, Staphylococcus albus and Streptococcus anhemo- 
lyticus; on September 23, 2 cells; on September 28, sterile fluid; on September 
29, sterile fluid. 

A smear of the pus from the abscess of neck removed at operation on Sept. 
12, 1923, was negative; a culture was sterile. 

Comment . — The nature of the swelling present on the back of the 
neck was not definitely ascertainable. There was no evidence to indi- 
cate that a meningocele existed. The primar}' condition was probabl}' 
a hematoma, possibly resulting from birth trauma, which became secon- 
darily infected. 

7 p. a woman aged 58, was admitted to the hospital on^ Dec. 12, 

1927, with the history of a sudden onset of pain in the right knee radiating up to 
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the groin, three months before admission. This persisted, was constant and lancin- 
ating and was aggravated by motion and damp weather. At the same time, the 
patient noted a swelling in the right groin, which was verj' tender and increased 
in size. The temperature varied from 100 to 104 F. throughout the three months. 
There was a loss of 30 pounds (13.6 Kg.), in three months. Roentgenograms of 
the spine taken outside the hospital were said to have been negative. (There was 
a vague history of osteomyelitis of the right twelfth rib twenty years before.) 

Physical examination revealed a cachectic woman with swollen, tender right 
inguinal lymph nodes ; the abdomen relaxed ; there was no tenderness and no 
masses were palpable. The right knee was flexed and there was pain on extension 
referred to the groin. There was a small well healed scar over the right twelfth 
rib. The diagnosis made was that of hidden malignant neoplasm with metastases 
to the right groin. 

Course . — On December 17, spasm of the right psoas muscle was noted, so that 
abscess of that muscle was suspected. The temperature rose ; the patient did 
poorly and died on December 20. 

Laboratory Observations . — A blood count showed; white blood cells 8,300; 
polymorpbonuclears, 80 per cent. 

The urine contained no albumin, sugar, casts or red or white blood cells. 

A roentgenogram of the spine, taken on Dec. 19, 1927, was reported as show- 
ing a marked degree of hypertrophic spondylitis between the bodies of tbe twelfth 
dorsal, first lumbar and transverse processes of the second, third and fourth lum- 
bar vertebrae on the left side. The left twelfth rib was markedly thickened and 
irregular, with areas of possible destruction. The eleventh rib also showed 
similar changes. The appearance of the bones suggested an inflammatory rather 
than a malignant process. 

Autopsy . — Postmortem examination revealed a large retroperitoneal abscess 
along the course of the right psoas muscle containing 1 liter of greenish pus, 
compressing and destroying the psoas muscle. The posterior wall of the abscess 
was formed by dense scar tissue extending upward to the eleventh rib. The 
bodies of the third and fourth lumbar vertebrae were found to be eroded. The 
body of the third lumbar vertebra contained a rather old abscess lined by a mem- 
brane of granulation tissue near the posterior surface. There were several small 
abscesses in the fourth lumbar vertebra. 

Pus from the psoas abscess contained hemolytic streptococci and B. pyoejaneus 
on culture; smear showed only gram-positive cocci in chains. 

Comment. — ^This, then, was a case of purulent osteomyelitis of the 
lumbar vertebrae with the formation of a tremendous retroperitoneal 
abscess. The primary focus ma}- have been an osteomyelitis of the 
twelfth rib on the right side, twenty years before. However, the 
existence of this lesion was not definitely remembered. At autopsy 
the ribs were not examined. 

Case 8. — L. A., a woman aged 44, was admitted to the hospital on Xov. 21, 
1928. She had a history of diabetes for ten years. Two years prior to admission, 
she suffered from a carbuncle of the neck subsequent to which there was a series 
of abscesses in tbe right foot and leg, left leg, right clavicular region and left 
thigh. She entered because of pain in the right hip. knee and leg, with anorexia 
and vomiting for three weeks. 
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Physical examination revealed an undernourished, undersized woman with 
tenderness over the right costovertebral angle and over the spinous process of the 
twelfth thoracic and first and second lumbar vertebrae. The diagnoses made were 
abscess of the riglit psoas muscle and osteomyelitis of the left tibia with sub- 
periosteal abscess. 

Operation . — Five ounces (141 Gm.) of pus was evacuated from the abscess 
of the right psoas muscle; bare bone was not felt. Incision and drainage of the 
subperiosteal abscess of the left leg were also performed. 

Course . — Both wounds discharged large amounts of thick pus. Postoperatively, 
the patient did poorly. The diabetes was not controlled well, and at one time 
the patient sank into stupor witli ketosis, from which she was resuscitated. On 
Jan. 27, 1929, pain over the lower cervical spine was noticed. There was edema 
of the face and hands. A week later the patient began to complain of pain in 
the neck. There was swelling with some induration over the lower cervical region 
with a sense of deep fluctuation. There was marked local tenderness with pain 
on motion. On January 16, incision and drainage of a posterior cervical abscess, 
apparently extending to the spinous process of the seventh cervical vertebra, were 
performed. The patient did poorly and died on February 6. 

Laboratory Obsei-vations . — A culture of pus from the abscess of the psoas 
muscle on Nov. 27, 1928, revealed Staphylococcus albus. A culture of pus from 
the subperiosteal abscess of the left leg on November 27 revealed Staphylococcus 
albus. A culture of pus from the cervical abscess on Jan. 27, 1929 revealed 
Staphylococcus aureus. 

A roentgenogram taken on Nov. 24, 1928, showed bony abscesses in the left 
tibia. On Jan. 14, 1929, a roentgenogram of the cervical spine showed no abnor- 
mality in the bones, although there was an absence of the normal cervical lordosis. 
Whether this was due to the posture of the patient or to an infiammator.v process 
could not be stated. 

Autopsy . — Postmortem examination revealed an abscess cavity, 1 cm. in diam- 
eter, in the right transverse process of the third lumbar vertebra. From this 
region pus extended beneath the muscles along the inner surface of the ilium. It 
was this area behind the psoas muscle which had been drained by the operation. 
There was also osteomyelitis of the fifth cervical vertebra and of the left tibia. 
In addition, there were multiple metastatic abscesses of the right kidney, heart 
and lungs, with pyopneumothorax. 

Comment . — ^This case was that of a patient -with long-standing 
diabetes on whom a carbuncle developed, with resultant bacteremia and 
metastatic abscesses situated in the viscera and bones. 

Case 9. — D. R., a woman aged 59, was admitted to the hospital on Oct. 7, 1928, 
with a history of infection of the respiratory tract four weeks before admission, 
lasting ten days, ending by crisis and diagnosed by her physician as “pneumonia.” 
Three weeks before admission she began to experience a dull ache in the right 
buttock, accompanied by tenderness on pressure, local heat and swelling. These 
symptoms progressed in severity up to the time of admission. 

Physical examination revealed a circumscribed swelling of the right buttock 
with questionable fluctuation. No redness over the swelling and no glycosuria were 
observed. A diagnosis of abscess of the buttock was made. 

An operation was performed on October 7. A large abscess cavity containing 
thick, greenish pus was found extending mesially to the periosteum over the 
sacrum, which was apparentl}^ intact. 
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Course. — The abscess was draining satisfactorily and the patient was doing well 
when, on October 24, she had a chill lasting twenty minutes and later complained 
of abdominal pain and tenderness. The same day, tenderness and distention 
became marked, and signs of fluid in the abdomen were present. Abdominal 
puncture was performed and pus obtained. The patient died the next day, 
October 25. 

Laboratory Observations. — A blood count on October 24 showed: white blood 
cells, 13,600 ; polj-morphonuclears, 83 per cent. 

The urine was normal. 

A smear of fluid obtained by abdominal puncture showed gram-positive diplo- 
cocci surrounded bj’ capsules. In a culture of abdominal pus (obtained on 
October 24) the pneumococcus tj-pe IV was grown. 

Autopsy. — Postmortem examination revealed small necrotic abscesses in the 
bony substance of the third and fourth lumbar vertebrae. These communicated by 
a fistulous tract with the incision in the right buttock. There were also fresh 
adhesions over the right lower lobe of the lung. There was a generalized purulent 
peritonitis, consequent on perforation of a secondarily infected echinococcus cyst of 
the liver. A culture of pus from the vertebral abscess revealed the’ pneumococcus 
type IV. 

Comment . — This is a case of respiratory infection, probably pneu- 
monia of the right lower lobe (fresh adhesions were found there post 
mortem), with bacteremia, metastatic infection of the third and fourth 
lumbar vertebrae and a preexisting echinococcus cyst of the liver. 
The latter ruptured and produced a fatal peritonitis. Of interest are 
the following considerations : 

1. The condition presented itself as an abscess of the right buttock. 
The etiology, namely, osteomyelitis of the vertebrae, was not established 
at operation nor was it suspected clinically. 

2. No mention was made of tenderness over the spine in the physical 
examination. 

Case 10. — ^I. F., a youth, aged 19, was admitted to the hospital on Alarch 11, 
1928, with a historj- of severe pain in the right ear a month before admission. The 
day after the onset of the pain, myringotomy was performed and a thin purulent 
discharge escaped from the middle ear. The patient was doing well until three 
daj's before admission, when the discharge ceased. Two days later he again had 
severe pain in the right ear with a thick discharge, .thicker and more profuse than 
previously. One week before admission he had had a chill lasting five minutes. 

Physical examination revealed an acutel 3 - ill j-oung man, with a temperature of 
103.4 F., a thick, purulent discharge from the right middle ear, sagging of the 
canal wall and impairment of hearing. The diagnosis of acute mastoiditis was 
made. 

Operation. — The patient was operated on on March 11. The mastoid process 
contained a few scattered small abscesses with little breaking down of the bone. 

Course. — On March 12, there was a chill. The patient complained of headache 
and a bilateral Kernig sign was present. On March 13, the patient began to com- 
plain of pain in the right upper quadrant of the abdomen. This was considered 
pleuritic. On March 16, a pleural friction rub was heard over the right side of the 
chest anteriorlj- with diminished breath sounds. Thereafter dulness developed over 
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the riglit side of the chest posterior^-. On March 30 an abscess in the right but- 
tock, which had gradually been forming, was incised and drained. On April 19, 
there was tenderness of the spinous processes of the seventh and eighth dorsal 
vertebrae. On April 10, pus was aspirated from the right side of the chest 
posteriorly. 

Of’cration. — On April 10, thoracotomy was performed with resection of the 
seventh and eighth ribs on the right side. A well encapsulated cavity was found 
the lateral wall of which was interpreted as the external surface of the parietal 
mediastinal pleura. The mesal limit was the under surface of the ribs noted, and the 
anterolateral aspects of the bodies of the seventh and eighth dorsal vertebrae were 
laid bare. There was a recess leading to the body of the seventh vertebra, but at 
that point bare bone could not be felt. In contrast to the other, this vertebral body 
was tender to pressure. The abscess cavity' was drained, and the patient recovered 
completely after an uneventful convalescence. 

Laboratory Observations . — On March 11, 1928, pus from the middle ear yielded 
the pneumococcus type I on culture. A blood culture on Itlarch 12 revealed the 
same organism. Three subsequent blood cultures were sterile. A culture of pus 
from the abscess in the buttock on March 30 was reported as showing gram-posi- 
tive diplococci overgrown by Staphjdococcus albus. Pus from the mediastinal 
abscess on April 10 revealed the pneumococcus tj'pe I. 

On March 19, a roentgenogram of the chest showed a shadow extending ante- 
riorly from the mediastinum, considered to be a partial consolidation of the mesial 
half of the right lung. On April 3, a roentgenogram of the chest showed this 
shadow to be more e.xtensive, denser and more sharply demarcated. 

Comment . — This is interpreted as a case of acute mastoiditis with 
transient bacteremia after mastoidectoiny, consequent metastatic abscess 
of the seventh thoracic vertebra, perforation and a resultant mediastinal 
abscess. 

GROUP II. TYPE WITH SYMPTOMS OF DISEASE OF THE 
NERVOUS SYSTEM 

Case 11. — A. D., a woman, aged 47, had a cholecystectomy performed in 
October, 1926. At that time the operating surgeon reported the presence of only 
a single large gallstone. The patient was well until March, 1927, when she began 
to suffer from severe pain in the right upper quadrant of the abdomen, chills, fever 
and jaundice. In May, she was operated on at another hospital for the relief of 
these symptoms. However, a few weeks before her admission on Feb. 29, 1928. 
she began to suffer from abdominal pain, chills and fever. 

Physical examination revealed an acutely and chronically ill woman, with jaun- 
dice, a temperature of 103.8 F., two operative scars in the right upper quadrant of 
the abdomen and some tenderness in the epigastrium. The diagnosis was obstruc- 
tion of the common bile duct with cholangeitis. 

Operation.— On March 3, the patient was operated on; a large mass of exudate 
was found around the common duct and porta hepatis. The common duct w’as 
dissected free and a tube placed in it, resulting in the immediate escape of bile. 

Cmn-Jc.— Postoperativeb', although there was adequate drainage of bile, the 
patient continued to have a high septic temperature, fluctuating between 99 and 
105 F On March 22 she began to complain of pains and paresthesias in both legs. 
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Knee jerks and ankle jerks were absent. There were tenderness of muscles and 
along the nerve trunks and impaired sensory perception, involving chieflj- pain, 
temperature and deep muscle sensibility in both lower e.vtremities. The diagnosis 
was toxic neuritis due to the long-standing infection. On March 24, the patient 
began to suffer from inability to void properly. On March 28, it was noted that 
she had a subfebrile temperature with occasional attacks of high fever. There 
was marked paresis of both lower extremities with beginning foot-drop, loss of 
both knee jerks and ankle jerks, loss of all forms of sensation in the left leg from 
the midcalf down and in the right leg from the knee down, and tenderness over the 
second and third sacral vertebrae. On March 31, the diagnosis made was epidural 
abscess with secondary involvement of the spinal cord at the level of the tenth 
dorsal vertebra. On .A.pril 1, the temperature began to mount again, the patient 
complained of headache, there was some rigidity of the neck and the general condi- 
tion was poorer. The Queckenstedt test was performed, with the needle in the 
third lumbar interspace. The inpression was that no block existed. Cerebro- 
spinal fluid removed showed evidence of meningitis, but there were no clinical 
indications of cerebral infection. A Queckenstedt test performed on April 3 indi- 
cated the probable presence of spinal cord block. On April 4, the mentality was 
still clear. The next day the patient became irrational, irresponsive and later 
stuporous ; the pulse became rapid and feeble, and death occurred on April 5. 

Laboratory Observations . — A blood count on March 12, 1928, showed: white 
blood cells, 5,000; polymorphonuclears, 48 per cent. 

Urinalysis on March 1 revealed bile, urobilin, albumin and white blood cells. 

On March 1 a blood culture showed Streptococcus viridans ; on March 5, no 
growth, on March 12, Streptococcus viridans. 

On April 1, the cerebrospinal fluid was turbid and contained 10,000 cells per 
cubic centimeter, with 98 per cent polymorphonuclear leukocytes. Only gram- 
positive cocci were seen on smear. These failed to grow in cultures. 

Autopsy . — Postmortem examination revealed a purulent cholangeitis with mul- 
tiple abscesses of the liver, one of which had invaded the main right hepatic vein, 
causing thrombophlebitis at that point. One centimeter from the porta hepatis 
there was complete stricture of the common bile duct. There were widespread 
metastatic abscesses in the viscera. The third lumbar vertebra was the seat of a 
wedge-shaped area of necrosis communicating with the epidural space. There was 
an epidural abscess extending from the third lumbar to the .ninth thoracic vertebra. 
The body of the second lumbar vertebra presented several softened areas in the 
bone communicating with the spinal canal by means of a perforation through which 
a probe could be passed. Exposure of the spinal canal, in so far as it was possible, 
revealed the presence of a subdural abscess extending from the cauda equina to 
the highest point of the incision permitted (the limit was not stated; it was prob- 
ably up to the midthoracic vertebrae). There was also a purulent leptomeningitis. 
A smear of the pus from the vertebrae revealed gram-negative bacilli (probably 
a postmortem invader). Cultures were not taken. 

Comment . — ^This case tvas one of stricture of the common bile duct 
w’ith resultant cholangeitis and cholangeitic abscesses of the liver, 
thrombophlebitis of the hepatic vein with resultant bacteremia and 
multiple metastatic abscesses. Some of these had occurred in the bodies 
of the second and third lumbar vertebrae, whence there occurred per- 
foration into the epidural, then into the subdural and finall}- into the 
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spinal subarachnoid space, causing fatal leptomeningitis. This case was 
diagnosed in vivo. Of interest are the following considerations: 

1. Clinically, tenderness had been elicited over the spinous processes 
of the second and third sacral vertebrae; however, at postmortem exami- 
nation the osteomyelitic foci were found to be in the second and third 
lumbar vertebrae. 

2. The first indication of the presence of vertebral disease was that 
of pressure on the nerve roots. 

3. Although examination of the brain was not permitted at necropsy, 
undoubtedly a cerebral leptomeningitis must have been present. The 
spread of the infection from the spinal to the cerebral leptomeninges 
could be followed b}' parallel changes in the clinical condition of the 
patient, i. e., at first only signs of spinal cord disease and later the head- 
ache, irrationality, and stupor of cerebral disease. 

Case 12. — I, G., a 43 year old man, with a known histor 3 ' of diabetes for si.x 
months, entered the iiospital because of p 3 'uria, frequency and dysuria, beginning 
two months before admission. Later there developed urinary retention and drib- 
bling. For two weeks there were numbness and weakness of both lower extremi- 
ties, progressive up to the time of admission. Eight days before admission a 
bedsore developed 03-er the sacrum. 

Ph 3 'sical e.xamination revealed a weakened, chronically ill looking middle-aged 
man. There was a large decubitus ulcer over the sacrum and buttocks. Below the 
level of the seventh dorsal vertebrae there was a loss of all sensation, muscular 
power and deep reflexes. The patient was considered to be suffering from a trans- 
verse myelitis, toxic in nature, due to cystitis. 

Course. — The patient did poorfi-, and died the day after admission. 

Laboratory Observations. — The urine contained a large amount of pus. 

Autopsy. — There was a purulent cystitis with a prostatic abscess. In addition, 
there was an epidural abscess extending from the ninth dorsal to the sixth cervical 
vertebrae with extension into the right thoracic cavity and consequent fibrino- 
purulent pleurisy. In the muscle there was a walnut-sized abscess just opposite 
the intervertebral foramen between the spinous and right transverse processes of 
the ninth dorsal vertebra which had perforated into the epidural space. No evi- 
dence of osteomyelitis was found. 

Comment . — This is interpreted as a case of purulent prostatitis with 
a metastatic abscess, situated in the muscle immediately opposite an 
intervertebral foramen, which perforated into the epidural space. Of 
interest are the following considerations : 

1. The complication, epidural abscess, may so dominate the clinical 
picture that the primary etiologic condition may be clinically silent. 
On examination of the patient, it may be impossible to differentiate a 
case such as this one from one of epidural abscess secondary to osteo- 
myelitis of the vertebra. 

2. Osteomyelitis of the vertebra is not the only cause of epidural 
abscess. 
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GROUP in. TYPE WITH PAIX IN THE BACK AND FEVER 

C.\SE 13. — C. G., a woman, aged 56, was admitted to the hospital on Sept. 11, 
1930, with a histon- of an infection of a finger of her left hand four months before. 
This was followed by swelling, tenderness and redness of the entire left arm, chills, 
a temperature up to 106 F. and general weakness. The diagnosis was erysipelas. 
The fever subsided after ten days, and there followed slight desquamation of the 
skin of tlie arm. For two weeks thereafter the patient was weak. Two weeks 
later (three months before admission), she began to have a sharp hammering pain 
beginning in the sacral region, extending to both hips and thighs, occurring daily, 
worse at night, aggravated by motion and baking, and relieved only by drugs taken 
on the day before admission. Eight days before admission she was seized with a 
severe paroxysm of pain in the neck necessitating her going to bed. That m'glit 
there was delirium. Thereafter there were a high temperature, ranging from 101 
to 103 F., profuse sweats and loss of appetite. The day before admission the 
patient began to suffer from dyspnea and cough, with only slight expectoration. 

Physical examination revealed an acutely ill woman, aged 56, who breathed 
rapidly, with a slight expiratory grunt, coughed occasionally, without the produc- 
tion of sputum, and had flushed cheeks. The temperature was 102 F., the pulse rate 
110 and the respiratoiy rate 26. There was some dulness, with numerous coarse 
clicking rales over the base of the right lung where the breath sounds were some- 
what diminished. There were no signs of fluid or tenderness of the ribs. There 
was tenderness in the right costovertebral angle. There was some tenderness on 
percussion over the lumbosacral and sacro-iliac articulations. The diagnosis made 
was that of bronchopneumonia of the right lower lobe and chronic sacro-iliac 
arthritis. 

Course . — The clinical signs over the right lower lobe persisted unchanged. 
Because of tenderness over the right costovertebral angle, the diagnosis of meta- 
static abscess of the right kidney was temporarily entertained. About a week after 
admission, the patient began to have tenderness in the region of the liver. It was 
thought that she might have osteomyelitis of the rib and, therefore, two aspirations 
were made (September 18) at the level of the right fourth rib without encounter- 
ing pus. A day later the patient began to complain of pain in the legs. There was 
cutaneous hyperalgesia present but no definite evidence of a spinal cord lesion. 
There was no appreciable tenderness over any portion of the vertebral column. 
There was a persistent plateau temperature, averaging about 104 F. On September 
19, a diffuse, tender, erythematous pitting induration was seen on the posterior 
aspect of the right leg. This process spread progressively up to the thigh. On 
September 20, the patient had a slight chili, which was the first observed since 
admission. On September 21, exploratory aspiration of the right groin was per- 
formed; there was no pus, but some oily droplets were obtained. The patient 
became jaundiced, sank into stupor and died on September 22. 

Laboratory Observations. — K blood count on September 11 showed: white blood 
cells, 18,700; polymorphonuclear leukocytes, 84 per cent. 

Urinalyses on September 11 to 20 showed albumin, one plus, and a few single 
and very few clumped white blood cells. 

Cultures of the urine on September 11, 17 and 20 yielded B. coli. A blood cul- 
ture on September 11 was sterile; on September 16 a culture yielded 33 colonies of 
Streptococcus hemolyticus per cubic centimeter; on September 21, 223 colonies of 
Streptococcus hemclj-ticus per cubic centimeter. 

On September 12, a roentgenogram of the chest showed thickening of the pleura 
over the right lower lobe with possible calcification. On September 16, a roent- 
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genograni of the abdomen, taken because of the postulated diagnosis of right peri- 
nephritic abscess, revealed onlj- dilated bowel containing much gas. 

Autopsy . — Postmortem examination revealed a suppurative spondylitis and peri- 
spondylitis involving the bodies of the fifth lumbar and first sacral vertebrae, with 
softening and purulent destruction of the intervening intervertebral disk. This 
process had spread anteriorly, causing a suppurative inflammation of prevertebral 
fatty tissue with suppurative thrombophlebitis of the right common iliac and 
external iliac veins. 

Coiuniciit . — This is interpreted as a case of osteomyelitis of the 
vertebrae consequent on a bacteremia, probabl}- present at the time of 
the infection of the left arm four months before admission. The sup- 
purating focus perforated anteriorly and produced a purulent thrombo- 
phlebitis of the right common iliac vein with consequent overwhelming 
bacteremia and a fatal outedme. In the light of the postmortem knowl- 
edge, the process in the right calf, noted clinically, was considered to be 
due to retrograde phlebitis of the veins of the right lower extremity, 
although this was not definitely' determined at necropsy'. Of interest 
are the following considerations: 

1. Although there was some tenderness over the sacrum and the 
sacro-iliac joints on admission, this did not increase and was not more 
marked than that elicited over the rest of the spine. 

2. A flat x-ray plate of the abdomen was taken on September 16, 
because one of the diagnoses under consideration was a right peri- 
nephritic abscess. While it is true that this roentgenogram was not 
taken for the specific purpose of detecting the presence of osteomyelitis 
in the lumbosacral spine, nevertheless, at the time the roentgenogram 
was taken, the patient undoubtedly had had the inflammatory' process 
in the vertebrae for about four months; yet on retrospect considera- 
tion of the x-ray plate, no evidence of disease in the fifth lumbar or 
first sacral vertebra (no lateral view) could be seen. 

3. There was no clinical index of local inflammatory' disease except 
the complaint of pain. 

GROUP IV. TYPE WITH WIDESPREAD SUPPURATION 

Case 14. — D. A., a man, aged 60, was admitted on Oct. S, 1926, with a history 
of severe pain in the left side of the abdomen and back, chills, fever and profuse 
sweats for three days. 

Physical examination revealed a well developed man of 60, not looking espe- 
cially ill ; the tongue was coated and the pharynx reddish and dry ; dulness and 
numerous moist rales were noted at the base of the right lung posteriorly and an 
inconstant sense of resistance in the right upper quadrant of the abdomen ; the liver 
could be percussed three fingerbreadths below the right costal margin. The tempera- 
ture was 98.2 F., the pulse rate 78 and the respiratory rate 20. The blood pressure 
was 122 systolic and 80 diastolic. The diagnosis of resolving bronchopneumonia at 
the base of the right lung was made. 
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Course . — On October 6 the patient had a chill with a rise in temperature to 
104 F. Tenderness and spasticity over the right side of the abdomen and the right 
lumbar region were noted. A catheterized specimen of urine contained pus and a 
faint trace of bile. The diagnosis of right pyonephrosis was made. On October 8, 
a chill occurred. On October 9, cystoscopj- with ureteral catheterization showed 
numerous white blood cells coming from both kidneys, with a few clumps of white 
blood cells from the right side. On October 11, herpes labialis appeared; a note 
was made of thick tenacious sputum. On October 13 and 20, a chill occurred. On 
October 21, the suspicion of a right subphrenic abscess was entertained; the right 
half of the diaphragm moved less than the left. The liver and subphrenic space 
were aspirated ; no pus was encountered. On November 1, the patient had a severe 
shaking chill. He complained of pain in the right upper quadrant. The only 
physical finding elicited in the abdomen was voluntary spasm. Later that day, 
tenderness and a mass in the right upper quadrant developed, the conjunctivae 
became icteric and the liver was tender to percussion. A hepatic abscess was sus- 
pected. Bile was found in the urine the next day. On November 12 there was no 
disturbanee in motion of the right side of the diaphragm and no tenderness over 
the liver on jarring. On November 20 the patient complained of pain in the lower 
part of the back. On November 28 he had severe pain in, and marked tenderness 
over, the sacrum. A low grade fever persisted. There was a varj-ing leukocj-tosis. 

The patient svas discharged at his own request on December 2. He was read- 
mitted on Jan. 26, 1927. He w'as emaciated and moribund, and kj'phosis had 
developed over the lower part of the spine since his discharge. In the interim he 
had been fairly well, and had spent most of the time in bed; the only complaint 
was pain in the back on rising. On the day of admission, he had two severe chills, 
followed by profuse sweats. The temperature was 104 F., the respiratory rate 30 
and the pulse rate not obtainable. The patient did poorly and died a few hours 
after admission. 

Laboratory Observations . — Blood counts showed; on October 6, 1926, white 
blood cells, 41,800, and polymorphonuclears, 92 per cent ; on October 7, white blood 
cells, 24,400, and polj-morphonuclears, 94 per cent; on October 16, white blood 
cells 10,400, and polymorphonuclears, 76 per cent; on November 11, white 
blood cells, 29,000, and polymorphonuclears, 88 per cent; on November 29, white 
blood cells, 20,000, and polymorphonuclears, 86 per cent. 

On Oct. 7, 1926, a culture of the blood yielded the Friedlander bacillus, 300 
colonies per cubic centimeter in twelve hours. On the patient’s readmission on 
Jan. 26, 1927, a culture showed: 145 colonies of the bacillus per cubic centimeter in 
twelve hours. On Oct. 8, 1926, a culture of the sputum yielded the Friedlander 
bacillus. In cultures of the urine on October 12 to 20 the Friedlander bacillus was 
found three times. The Wassermann reaction of the blood was negative. 

From Oct. 6, 1926, to the time of the patient’s discharge urinalysis repeatedly 
showed many white blood cells, often clumped. The reaction to the albumin test 
was always one plus. On November 2, bile and urobilin were present ; on Novem- 
ber 3, bile. 

On Oct. 6, 1926, a roentgenogram of the chest showed deficient aeration of the 
base of the right lung perhaps due to a recent pneumonia. The right side of the 
diaphragm was slightly elevated. On October 12, the lungs showed no abnor- 
mality ; the right side of the diaphragm was somewhat elevated, but not sufiiciently 
to warrant the diagnosis of a subphrenic abscess. On November 13, the dorso- 
lumbar spine showed a marked degree of hj’pertrophic spondylitis. On November 
20, a roentgenogram of the chest revealed few small infiltrations of a resolving 
pneumonia at the base of the right lung. 
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Postmortem examination revealed an emaciated man with a kyphosis 
in the region of the first lumbar vertebrae. The lungs were normal except for 
fibrous pleural adlicsions. In the abdomen, between the hepatic flexure of the 
colon, liver, gallbladder and first portion of the duodenum, there was a loculated 
abscess containing thick green pus. In the papilla of Vater was a facetted pigment 
stone, 15 mm. in diameter; the common duct was not inflamed, but was greatly 
dilated (30 mm. wide when open) and filled with greenish-yellow pus. A few 
other stones were found in the bile passages. The neck of the gallbladder opened 
directly into an abscess in the right lobe of the liver adjacent to it, the size of a 
large apple. This contained greenish pus, and its wall consisted of a shaggj' 
necrotic membrane. Parts of the necrotic walls of the gallbladder were still 
attached to portions of the wall of the abscess. A direct extension of the hepatic 
duct entered the abscess cavity. One of the smaller branches of the left division 
of the portal vein lying in the abscess area had become invaded and contained a 
purulent thrombus, which extended a considerable distance proximal and distal to 
its seat of primary involvement by retrograde thrombosis, but the main stem of the 
portal vein was free. 

The kidneys were macroscopicalb' normal ; microscopically they showed cloudy 
swelling, infiltration of the stroma with lymphocyte and leukocyte cells and the 
formation of many small abscesses. 

The prevertebral tissue in the region of the lumbar spine was thickened and 
suppurated. The first lumbar vertebra was in part destroyed, including the inter- 
vertebral disk between the first and second lumbar vertebrae. 

A culture of pus from the hepatic abscess and first lumbar vertebra showed 
Friedlander’s bacillus (Bacterium mucosum-capsulatum) in all cultures. Smears 
showed pus and gram-negative bacilli. 

Co7nment . — In this case one cannot be certain whether the suppura- 
tive cholangeitis, due to Bact. mucosum-capsulatum, was primary or 
whether there first occurred a pneumonia caused by that organism, with 
bacteremia and metastatic infection of the biliary passages, obstructed 
by calculi in the common bile duct. The abscess of the liver was prob- 
ably secondary to cholangeitis. Although no gross thrombophlebitis of 
the hepatic vein radicles was demonstrated, the hepatic abscess was 
probably the cause of the bacteremia leading to the renal and vertebral 
abscesses. Horvever, all the pathologic processes found at necrops}" 
may have been due to a bacteremia at the onset of the disease with a 
pneumonia due to Bact. mucosum-capsulatum. Of interest are the 
follorving considerations : 

1. The unusual occurrence of a case of osteomyelitis due to Bact. 
mucosum-capsulatum (Friedlander’s bacillus). 

2. The acute development of a gibbus due to suppurative non- 
tuberculous spondylitis. 

Case IS.— J. R-, a man, aged 30, was admitted to the hospital on Oct. 13. 1930, 
with the history that ten days before admission a boil developed on the back of 
the neck, which he squeezed during the subsequent two or three days. This was 
followed’ by complete healing of the abscess a few days later. Four days before 
admission, a mild pain developed in the interscapular region which rapidly became 
worse On motion, the patient had sharp pain localbq with radiation down the left 
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side. On the ne.xt day he began to feel feverish. One day later, two days before 
admission, he had a shaking chill lasting an hour, which was repeated the night 
before admission. For the three days prior to admission, he had marked anore.xia, 
general malaise, headache, profuse sweating and constipation. 

Physical examination revealed an acutely ill man complaining of pain in the 
midthoracic spine. There was the scar of a well healed abscess on the back of the 
neck. Flexion of the neck was limited by pain in the midthoracic region, pre- 
sumably due to spasm of the muscles. There was a short systolic murmur at the 
ape.x. Xo diastolic murmurs were heard. There was some fulness of the prostate 
with questionable tenderness. There was exquisite tenderness over the spinous 
process of the fifth thoracic vertebra with some tenderness over the spinous proc- 
esses of the fourth and sixth thoracic vertebrae. To the right of the fourth 
thoracic vertebra there was some slight tenderness and fulness of the soft tissue. 
There was bilateral costovertebral tenderness. The diagnosis was Staphylococcus 
aureus sepsis with metastasis to the spine (fifth thoracic vertebra). 

Course . — On October 14 a Kernig sign developed on the left, the knee jerks 
were depressed and the upper abdominal reflexes were diminished. -Abdominal 
reflexes were not elicited on October 15. At this time, a prominence of the soft 
tissue was seen to the left of the spine at the level of the fourth and fifth thoracic 
vertebrae, construed as indicating deep suppuration. 

Operation . — ^The patient was operated on on the night of October 15. There 
was no free pus found to correspond to the swelling of the soft tissue. The laminae 
of the fourth, fifth and seventh thoracic vertebrae were removed ; the fifth thoracic 
seemed definitely sclerosed. An extensive epidural abscess was encountered and 
drained. 

Course . — The patient did not do well, and died on October 19, three days post- 
operatively. 

Laboratory Observations . — A blood count on October 13 showed: white blood 
cells, 18,000; polymorphonuclears, 78 per cent. 

On October 14 the urine showed albumin, one plus, but was otherwise normal. 

Cultures of the blood showed; on October 13, 7 colonies of Staphylococcus 
aureus per cubic centimeter ; on October 17, Staphylococcus aureus colonies too 
numerous to count. 

On October 14, a roentgenogram of the spine showed evidences of an old lesion 
at the level of the fourth and fifth thoracic vertebrae with resultant scoliosis, the 
convexity being to the left. There was no definite evidence of osteomyelitis. 

Autopsy . — Postmortem examination revealed gram-positive cocci in a staphylo- 
coccus formation in fresh vegetations on the aortic and mitral valves. There were 
miliary abscesses in the lungs, liver, kidneys, spleen, colon and skin, and a recent 
purulent prostatitis. The body of the fourth thoracic vertebra showed suppuration 
in its right lateral portion. There was suppuration in the surrounding paraverte- 
bral structures and in and about the fourth right costovertebral articulation. No 
perforation was seen leading from the body of the fourth thoracic vertebra into the 
epidural space. An extensive epidural abscess was found, apparently secondary 
to the suppuration in and about the fourth right costovertebral articulation. On 
October 15, from the epidural abscess yielded Staphylococcus aureus on culture. 
On October 17, vegetations from the aortic and mitral valves showed gram-positive 
cocci in staphylococcus formation. 

Comment . — ^This patient had an acute bacterial endocarditis, most 
probably" secondary to squeezing a furuncle of the neck, with multiple 
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metastatic abscesses, one of which was situated in the fourth thoracic 
vertebra and gave rise to an epidural abscess. Of interest is the fol- 
lowing consideration : 

It is possible that the localization of bacteria occurred in the body 
of the fourth thoracic vertebra because of the existence of an old 
lesion of this bone, as evidenced by the x-ray plate and the sclerosed 
bone removed at operation, which had given rise to the scoliosis and 
possibl}" created a “locus minoris resistentiae.” 

Case 16. — A. S., a man, aged 30, was admitted to flie hospital on May 30, 1927, 
with a known history of Hodgkin’s disease for two years, for which he had received 
roentgenotherapy with considerable relief. For two months he had been having 
increasing weakness and loss of weight with occasional fever. He had difficulty in 
breathing, and an intranasal operation was performed with some relief. There was 
also difficulty on urination. 

Physical examination showed a markedly emaciated man in extremis. No Ijunph 
nodes were palpable. Murmurs were heard over the mitral and aortic areas. 
There was edema of the lower extremities, with evidence of fluid in the peritoneal 
and pleural cavities. 

Course . — The patient died the day after admission, presumably with respiratory 
paralysis. 

Autopsy . — Postmortem examination revealed a man with marked brownish pig- 
mentation of the abdominal skin, edema of both legs, bilateral purulent bronchitis 
and bilateral pleural empyema. There were widespread Hodgkin’s infiltrations in 
the lungs, liver, spleen, bone and retroperitoneal lymph nodes. There was 2,400 cc. 
of purulent fluid in the abdomen, secondary’, probably, to multiple abscesses in the 
spleen. The lumbar vertebrae presented red marrow diffusely mottled by a 3 ’e]- 
lowish translucent gray amorphous material. The fourth lumbar vertebra on sec- 
tion showed a broken-down area, the size of a cherrj’, filled with greenish pus. No 
bacteriologic studies were made. 

Comment . — This case is one of widespread granulomatous disease 
with resulting cachexia. The widespread superimposed infection tvhich 
probably arose from the purulent bronchitis, affecting especially the 
areas of Hodgkin’s infiltrations, masked the presence of an abscess in a 
lumbar vertebra. In this case the latter was clinically insignificant. 

ADDENDUM 

Since the submission of this paper, two additional patients with 
vertebral osteomyelitis have been admitted to the hospital. One, a girl 
aged 14 years, suffered a metastatic infection of the fourth lumbar 
vertebra, secondar}’ to a Staph3'lococcus aureus bacteremia following 
the squeezing of a boil. Roentgenograms of the spine taken one month 
after the onset of the disease showed no abnormality; one month later 
there was narrowing of the intervertebral space between the third and 
fourth lumbar vertebrae; after another month there was a kvnhosis 
due to destruction and collapse of the fourth lumbar vertebra with 
almost complete disappearance of the intervertebral space between the 
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third and fourth lumbar vertebrae and haziness of the intervertebral 
space between the fourth and fifth lumbar vertebrae. 

The other patient, a man of 37, had a Bacillus proteus infection 
of the urinary tract with Bacillus proteus bacteremia and metastatic 
infection of the sixth cervical vertebra. Roentgenograms taken about 
three weeks after the onset of the disease showed narrowing of the 
intervertebral space between the fifth and sixth cervical vertebrae; 
five weeks later, roentgenograms showed destruction and collapse of the 
sixth cervical vertebra. 

In each of these cases, roentgenograms afforded evidence con- 
firmator}- of the clinical diagnosis of vertebral osteomyelitis. A point 
worth stressing is that in each case an intervertebral space adjoining 
the diseased vertebra was definitely narrowed before there was certain 
abnormality in the appearance of the diseased bone itself. 
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A few years ago, during work on a series of experiments on the 
renal veins, it was observed that marked hemorrhage was frequently 
associated with venous obstruction of the kidney. In several instances 
a large perirenal hematoma followed complete ligation of the renal vein. 
Subcapsular and parenchymal hemorrhages were present constantly in 
the large, tense, congested kidneys. 

It occurred to us that certain cases of spontaneous nontraumatic 
perirenal hematomas in man might find an explanation in venous con- 
gestion of the kidneys, with the resultant elevated vascular pressures 
and possible capsular ruptures. 

We divided our investigations into three kinds of research: (1) the 
clinical study of a personal case, (2) the experimental ligature of the 
renal veins in animals and (3) the etiologic study of cases collected 
from the world’s literature. 

We believe that elevation of intracapsular and vascular pressure in 
the kidney can, and probably frequentl}' does, produce spontaneous 
hemorrhages and even ruptures of the renal capsules with resultant 
perirenal hematoma. This action would be favored by renal diseases 
and slight traumas. 

Bj' the term “perirenal hematoma’’ we include subcapsular and 
extracapsular hematomas and renal and pararenal hemorrhagic cj’-sts. 
Hemorrhagic renal cysts have been included by so many earlier writers 
in discussions of perirenal hemorrhage that any complete stud}' of the 
literature must again include them, unless one attempts a reclassification. 

At the German Surgical Congress in 1912, Professor Ritter advised 
ligature of the renal veins in tuberculosis of the kidneys when nephrec- 
tomy was not advisable. He explained that, in animals, ligature of the 
renal vein produced a long-continued congestion of the kidney. In 
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the course of from three to five weeks there resulted an atrophy of the 
kidney by fibrosis, the kidney being reduced to about one third of its 
normal size. He noticed the production of hemorrhages similar to the 
forms of perirenal hematomas found in man. 

We hope to give some evidence that spontaneous hematoma in man 
is quite similar in cause and effect to hematoma produced in animals 
b\- ligature of the renal vein. 

The following is a report of a case of perirenal hemorrhage seen 
by us, in which the patient recovered following operation, though the 
causative factor was never demonstrated. 

REPORT OF CASE 

Complaint. — Mrs. L. P., a white woman, aged 39, began her regular menses on 
April 30, 1931, and as usual was quite comfortable. At 3:30 a. m. on May 5, she 
was awakened by a terrific pain in the lower right abdominal quadrant which “felt 
as though something inside were twisting.” She was nauseated and vomited four 
times following her abrupt awakening at 6 a. m. At 6 : 30 a. m., she was given 
a hypodermic of morphine. At that time a large mass was felt in the right side 
of the abdomen and was thought to be a large ovarian cyst with a twisted pedicle. 
Menses continued as usual. She was sent to St. Luke’s Hospital that morning. 

History . — The past history was irrelevant except for a round ligament shorten- 
ing six j-ears previously. 

The family historj' was unimportant. 

Inventory of the various systems likewise gave negative results. There had 
been no loss of weight, dysuria or hematuria. There was no history of trauma, 
though the patient had been doing some house cleaning the day before, and had 
done considerable stretching with her right arm in reaching the ceiling. 

Examination. — ^.A.t the hospital, examination revealed a well nourished, rather 
obese, white woman, lying quietly in bed, not acutely ill. Slight pallor was present. 
The head and neck were normal ; the lungs were clear ; the heart was rapid ; the 
blood pressure was 138 systolic and 92 diastolic. The abdomen was obese and 
relaxed, and there was a mass the size of a grapefruit just above the level of the 
umbilicus on the right. Its lower border extended into the pelvis. It was movable, 
doughy to pressure and moderately tender. The reflexes were normal. A vaginal 
examination revealed no definite connection with the uterus. The temperature was 
subnormal ; the pulse rate, 90, and the respiratorj- rate, 20. 

Laboratory' examination showed: red blood count, 3,840,000; white blood count, 
18,300 ; hemoglobin, 75 per cent. The urine (voided specimen) was amber and acid, 
with a specific gravity of 1.035 ; it contained more than 50 mg. of albumin per 
hundred cubic centimeters, many erythrocy'tes and from 15 to 20 pus cells per 
high power field. The Wassermann reaction w'as negative. Catheterized urine 
showed no blood. 

Roentgen examination by Dr. E. L. Jenkinson revealed a mass in the right side 
of the abdomen pressing against the cecum and displacing is medially. It obscured 
the shadow of the right kidney and the lower border of the liver. 

Course . — On May 7, the pain became more severe, but the mass was 
smaller. The red blood count had dropped to 2,760,000 ; the hemoglobin was 
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the course of from three to five weeks there resulted an atrophy of the 
kidney by fibrosis, tlie kidney l>eing reduced to al)out one third of its 
normal size. He noticed tlie production of hemorrhages similar to the 
forms of perirenal hematomas found in man. 

\'\^e hope to give some evidence that spontaneous hematoma in man 
is quite similar in cause and efl’cet to hematoma produced in animals 
by ligature of the renal vein. 

The following is a report of a case of perirenal hemorrhage seen 
by us, in which the patient recovered following operation, though the 
causative factor was never demonstrated. 

REPORT OF CASE 

Co»!l>Ioiitt. — IMrs. L. P., a white woman, aged 39, began her regular menses on 
April 30, 1931, and as usual was quite comfortable. At 3 : 30 a. m. on May S, she 
was awakened by a terrific pain in the lower right abdominal quadrant which “felt 
as though something inside were twisting.” She was nauseated and vomited four 
times following her abrupt awakening at 6 a. m. At 6 ; 30 a. m., she was given 
a hypodermic of morphine. At that time a large mass was felt in the right side 
of the abdomen and was thought to be a large ovarian cyst with a twisted pedicle. 
Menses continued as usual. She was sent to St. Luke’s Hospital that morning. 

History . — ^The past history was irrelevant except for a round ligament shorten- 
ing six years previously. 

The family history was unimportant. 

Inventory of the various systems likewise gave negative results. There had 
been no loss of weight, dysuria or hematuria. There was no history of trauma, 
though the patient had been doing some house cleaning the day before, and had 
done considerable stretching with her right arm in reaching the ceiling. 

Examination . — At the hospital, examination revealed a well nourished, rather 
obese, white woman, lying quietly in bed, not acutely- ill. Slight pallor was present. 
The head and neck were normal ; the lungs were clear ; the heart was rapid ; the 
blood pressure was 138 systolic and 92 diastolic. The abdomen was obese and 
relaxed, and there was a mass the size of a grapefruit just above the level of the 
umbilicus on the right. Its lower border extended into the pelvis. It was movable, 
doughy to pressure and moderately tender. The reflexes were normal. A vaginal 
examination revealed no definite connection with the uterus. The temperature was 
subnormal ; the pulse rate, 90, and the respiratory rate, 20. 

Laboratory examination showed ; red blood count, 3,840,000 ; white blood count, 
18,300 ; hemoglobin, 75 per cent. The urine (voided specimen) was amber and acid, 
with a specific gravity of 1.035 ; it contained more than 50 mg. of albumin per 
hundred cubic centimeters, many erythrocytes and from 15 to 20 pus cells per 
high power field. The Wassermann reaction was negative. Catheterized urine 
showed no blood. 

Roentgen examination by Dr. E. L. Jenkinson revealed a mass in the right side 
of the abdomen pressing against the cecum and displacing is medially. It obscured 
the shadow of the right kidney and the lower border of the liver. 

Course . — On May 7, the pain became more severe, but the mass was 
smaller. The red blood count had dropped to 2,760,000; the hemoglobin was 
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50 Gill. ; (lie opposite Idclncys wciglicd 40 and 38 Gm., respectively. Rupture of the 
renal capsule \va.s seen in dog IS. 

Dogs 11 and J2.— These aniinnls were killed on the seventh day, and dog 8 died 
on the sanie day (of sepsis) ; all showed perirenal hematomas. The hematoma was 
large (weight not taken) and infected in dog S, and rupture of the capsule could 
be seen. The hematoma was small in ' dog 11, although the renal mass weighed 
206 Gni., against 42 Gm. on the opjiositc side. The excessive size and weight were 
due to parenchymal and siibcapsular bleeding. The hematoma and subcapsular 
bleeding were slight in dog 20, the kidney operated on weighing 68 Gm. ; the 
healthy kidney weighed 34 Gm. 

Dogs S and id.— These dogs were killed on the eighth day. Both showed renal 
and some subcapsular hemorrhage, but no perirenal hemorrhage. In dog 10 the 
kidneys weighed 28 and 26 Gm., respectively, and appeared somewhat congested, 
with small hemorrhages in the parenclij'ma. The collateral circulation was not 
larger than usual. 

Dog 2 . — This dog was killed on the eleventh day. There was considerable 
subcapsular and parench 3 -mal hemorrhage, but no e-vtracapsular hemorrhage. (The 
weights were not taken.) 

Dogs 5 and 6 . — These animals were killed on the thirteenth day. Dog 5 had 
subcapsular hemorrhages, but no e.x'tracapsular hemorrhage; the kidney operated 
on weighed 24 Gm. and was firm and sclerotic. Dog 6 showed only small renal 
hemorrhages, but no subcapsular or extracapsular hemorrhage. The kidney oper- 
ated on was small, firm and sclerotic and weighed 12 Gm. It evidently was under- 
going atrophy by fibrous changes. 

Dog 9 . — This dog was killed on the fifteenth day. Pyelonephritis and sup- 
purating perirenal hematoma were found on the side on which operation was per- 
formed. The kidney operated on weighed 62 Gm., as against the one not operated 
on, 28 Gm. 

Dog 4 ~ — This animal was killed on the twentieth day. Subcapsular and paren- 
chymal hemorrhages were found. The kidney operated on was half normal size, 
weighing 15 Gm., and was atrophic and sclerotic to gross examination. Dog 21 
died of distemper on the twentieth day, but autopsy was not obtained. 

Dog 22 . — This animal was killed on the twenty-fifth day, A small encapsulated 
perirenal hematoma lay below the inferior pole of the kidney operated on. The 
kidney was sclerotic and atrophic and weighed 12 Gm. The opposite kidney was 
normal in appearance and weighed 24 Gm. 

Dogs 17, IS, 19 and 20 . — These dogs were killed on the thirty-third day. In dog 
17, the kidneys operated on had a curious appearance. It was calcified throughout 
and had incrustations in the renal pelvis. No intrarenal, subcapsular or perirenal 
hemorrhages were present. The kidney weighed 16 Gm. The opposite kidney 
was healthy and weighed 52 Gm. Dog 18 had a perirenal hematoma below the 
lower pole of the kidney operated on, which was small (18 Gm.). The kidney 
not operated on weighed 32 Gm. and was quite healthy. 

Dogs 19 and 20 showed subcapsular and parenchymal bleeding, but no massive 
hematomas. The kidney operated on in dog 19 weighed 34 Gm. and the opposite 
one 30 Gm. The kidney operated on in dog 20 weighed 8 Gm. and was markedly 
atrophic and sclerotic. The other kidney, which was not operated on, weighed 
36 Gm. and appeared normal. 
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Of the 5 operative deaths, 1 dog died of distemper, an intercurrent 
malady entirely outside of our investigations. So we must figure that 
4 of our 21 dogs died (19 per cent). One bled to death (4.76 per cent). 
Three were infected (14.2 per cent). 

Atrophy and a I'eduction in size of the kidneys operated on occurred 
in 6 cases (28.57 per cent), the atrophy becoming apparent after the 
second week. The kidney not operated on showed no change. 

The histolog}’ of the calcified Icidney showed an almost complete 
sclerosis of the cortex, although manj^ tubules and glomeruli still per- 
sisted. Niunerous small calculi were distributed throughout the renal 


Table 1. — Ligation of Renal Veins in Dogs* 


Weight Weight of 


Dog 

Duration 
of Life, 
Days 

Hematoma 

of Kidney 
Operated 
On, Gm. 

Opposite 

Kidney, 

Gm. 

Results 

vf 

1 

Xone 

.. 

.. 

Died of peritonitis V* 

o 

11 

Subcapsular 


.. 

Killed 

3 

8 

Subcapsular 



Died of hemorrhage- 

4 

20 

Subcapsular 

15 

.. 

Killed 

5 

13 

Subcapsulnr 

24 

. . 

Killed 

G 

13 

Xone 

12 

20 

Killed 


3 

Xone 


. . 

Died of peritonitis 

8 

7 

Perirenal 



Died of sepsis 

9 

13 

Perirenal 

62 

28 

Killed; infected hematoma 

10 

8 

Xone 

23 

20 

Killed; hematoma 

11 

7 

Perirenal 

200 

42 

Killed; hematoma 

12 

7 

Perirenal 

68 

34 

Killed; hematoma 


3 

Perirenal 

193 

33 

Killed; hematoma 


3 

Perirenal 

82 

20 

Killed; hematoma 


5 

Perirenal 

117 

40 

Killed; hematoma 

vdg 

5 

Subcapsular 

50 

33 

Killed; hematoma 

17 

33 

Xone; calolfled 

16 

52 

Killed; hematoma 

18 

33 

kidney 

Perirenal 

18 

32 

Killed; hematoma 

19 

33 

Subcapsular 

34 

30 

Killed; hematoma 

20 

33 

Subcapsular 

8 

SG 

Killed; hematoma 

21 

20 

No examination 

.. 

. 

Died of distemper 

22 

25 

Perirenal 

12 

24 

Killed 


♦ Died 5 (22.7 per cent); subcapsulnr 7 (33.3 per cent); hematoma 76 per cent; perirenal 9 
(42.8 per cent); no hematoma 3 (23.8 per cent). 


parenchyma, mostly in the cortex. Some incrustations adhered to the 
renal pelvis also. 

REVIEW OF THE LITERATURE 

A review of the literature yielded 178 cases of spontaneous non- 
traumatic perirenal hematomas. A few additional cases mentioned by 
various authors were not included because the articles describing them 
were not available and the details were unobtainable. Such were the 
cases reported by Dumreicher, Giiterbock, Miller, Friedler, Ponfick, 
Pritchard, Rosenburg, Rose, Schmorl, Turco, Traube, Wildbolz, 
Yoshikama and Zeno. Some of these may be true cases of perirenal 
hematoma. In others the details were too few, or were entirel}^ lacking, 
as in the cases of Rose and Dumreicher, reported b}^ Etcheverr}'. In 
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the traumatic forms described by Daiiyau, Gruber and Rouppe spon- 
taneous bleeding developed long after the trauma, so may be considered 
in our list as spontaneous ruptures. Marshall’s case was traumatic 
also, but is included as an infected hematoma. The cases reported by 
Hogge, Bilschai and Parrot were short of details, but wc believ'c that 
they should be included. Of the hemorrhagic cysts reported by 
Etcheverry, the cases of Piorry, Bellamy, von Brack'd and Recamier 
should be included. Recentl)' Munger reported 19 cases of acute hemor- 
rhagic cysts of the kidneys, which probabl}'^ belong here as parenchymal 
or subcapsular hematomas. To our cases he added those of Siredey, 
Lancereaux, Maisonneuve, Poirier, Guiliani, Begg, the Mayo Clinic 
(2 cases), Wolff (2 cases), Roussel and his own. Of the suprarenal 
hemorrhages reported by Droubaix, the cases of Rayer, Droubaix and 

Table 2. — Ages f 


Tenrs Number of Onses 

0 to 10 4 

11 to 20 IS 

21 to 30 25 

31 to 40 SS 

41 to 50 34 

51 to 60 27 

01 to 70 11 

71 to 80 1 

81 to SO 2 

Old man 1 

No record 22 

Total 178 


Chiari may be considered. Actually, we have assembled 200 cases, only 
178 of which were analyzed. 

Age . — ^The ages in the 178 cases ranged from 6 days to 89 years. 
In 70 per cent of the cases the ages ranged from 20 to 60 years, and 
in 40 per cent, from 30 to 50 years. Thus hematoma is seen to occur 
most frequently during active adult life and rarely in the extremes 
of life. 

Sex . — Males were attacked more often than females : males 91 ; 
females 64; not recorded 23. A ratio of 3:2 obtains. In some articles 
the ratio was 2:1. 

Conditions . — Subcapsular hematomas, including blood cysts, occurred 
in 37 of 200 cases, or 18.5 per cent, and extrarenal hematomas in 163 
cases, or 81.5 per cent. Parenchymal bleeding is recorded in nearly 
every case examined histologically. Renal blood cysts are mentioned in 
23 cases (11 per cent), pararenal blood cysts in 6 (3 per cent) and 
hematonephrosis in 8 (4 per cent). 
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Our experimental work showed parenchymal bleeding in all cases. 
The exlrarenal hematomas varied in size from small blood clots just 
below the lower pole to extensive perirenal masses completely sur- 
rounding the Icidney. The subcapsular bleeding varied likewise from 
multiple petechiae under the capsule to large subcapsular blood masses. 
A complete hematonephrosis or true hematic renal cysts were not 
obtained in this series. 

Subcapsular hematomas were recognized in 7 dogs, or 33.3 per cent, 
of our 21 animals, and extrarenal hematomas in 9, or 42.8 per cent. 
Thus perirenal hematoma occurred in 76 per cent of our experiments 
on animals and parenchymal bleeding in all (100 per cent). 

The causes of perirenal hematomas suggested by various authors are 
numerous. The cause in certain instances was definite, while in others 

Table 3. — Renal Conditions Alone as Registered in Our 178 Cases 


Conditions 


Cases 


Nephritis SO 

Benal tumors 22 

Aneurysm oi renal artery 20 

Arteriosclerosis 12 

Hydronephrosis 7 

Periarteritis 7 

Renal tuberculosis 4 

Renal lithiasis 3 

Cystic kidney 3 

Erosion o£ renal artery 2 

Thrombosis of renal vein 1 

Renal congestion (prostatism) 1 


Total cases 

Suprarenal conditions 


112 or 6S%h 
11 or C%5“ 


it was suggested by the associated pathologic changes. The causes may 
be divided into 7 groups, as follows : 

1. Trauma is the most frequent cause. It is not considered in this 
article. 

2. Diseases of the kidneys were causative in 112, or 63 per cent of 
178 cases, and included, in the order of frequency, nephritis, tumors, 
hydronephrosis, infections, tuberculosis, lithiasis, cystic disease, etc. 
Diseases of the suprarenals occurred in 11, or 6 per cent of the analyzed 
cases ; diseases of the kidneys and suprarenals together comprised 69 per 
cent of the cases. 

3. Diseases of the blood vessels occurred as causative factors in 
29.2 per cent, and as associated pathologic processes in 36 per cent of 
our 178 cases. Included here were arteriosclerosis, aneurysms, peri- 
arteritis nodosa, infarcts and thrombosis. 

4. Diseases of the blood were incriminated in 4.5 per cent of our 
178 cases. Included were hemophilia, polycythemia, leukemia, scurv}% 
purpura and Hodgkin’s disease. 
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5. Infections were Jocated as causati\-e in 10 per cent and as the 
pathologic change present in 13.4 per cent of our eases. The infections 
were renal, cxtrarenal an'd general, and included the following: renal 
tuberculosis, sepsis, appendicitis, prostatitis, pyelonephritis, perinephritis, 
scarlatina, malaria, tyjDhoid fever, S3'philis and pyemia. 

6. Diseases of the retroperitoneal tissues occurred in a few cases. 
Such were perinephritis, erosion of the arteries, embolism, thrombosis, 
suprarenal hemorrhages and aortic diseases. 

7. No cause was given in 26 cases, or 14.6 per cent. 

Renal congestion and h 3 '’pertension can and do occur in ncarl 3 ^ all 
these conditions, and are particularly prone to appear in nephritis, 
arteriosclerosis, hydronephrosis, periarteritis nodosa, lithiasis, C 3 'stic 
kidney, thrombosis of the renal vein and prostatism. Clinicall 3 % then, 
we may conclude that congestion and renal h 3 'pertension ma 3 ’ occur more 
or less often and be a factor in the causation of bleeding and perhaps 
rupture of the kidney, especiall 3 ' when associated with pathologic 
conditions. 

PATHOLOGIC ANATOMY 

Whatever the cause ma 3 '^ be, the renal hemorrhage is always 
parench 3 '^mal ; it may remain subcapsular or become perirenal, and it 
varies from small ecchymoses to large hematomas. 

The renal hemorrhage is usuall 3 '’ acute and extends rapidly and 
pi'Ogressively in all directions, mostl 3 '’ downward toward the iliac fossa, 
into the mesentery and along the large abdominal vessels. Hematuria 
may or may not be present. The usual course is progressive^ down- 
ward, with a tendency toward exsanguination. 

The pressure in the hematoma may eventually equal the arterial 
pressure, and clotting may stop the hemorrhage, with a tendency toward 
recovery. 

Rarely the hematoma ma}^ migrate and rupture into the peritoneal 
cavity or into any of the abdominal viscera. 

The hemorrhage may resorb more or less completely, and cure may 
be established spontaneously b 3 ^ resolution. It may organize into a mass 
of firm fibrosis. It may become encapsulated by fibrous tissue or 
undergo central degeneration and absorption with the eventual forma- 
tion of renal or pararenal C 3 'sts. It may be infected by direct exten- 
sion of inflammations from the kidney or adjacent organs or by a 
blood-borne infection. 

Large subcapsular hemorrhages will at times denude the entire 
kidney of its capsule to form a good-sized cyst in which the kidney 
lies, either as a healthy or as a more or less degenerated organ. Legueu 
reported cases of this kind and designated them 'Temato-nephrosis.” 
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Smaller subcapsular and parenchymal hematomas may form a type 
of hemorrhagic renal C 3 'St. 

Cases of hematonephrosis were reported by Kirmisson, Legueu, 
Fowler, Krogius, Balo and Connerth. 

Hemorrhagic cysts of the kidney were reported by Amberger, Cibert, 
Korte, Gouget and Souligoux, Piorry, Recamier, Lancereaux, Wolff, 
von Bracket, Annstrong, Guiliani, Begg, Maisonneuve, Mayo, Hunger, 
Poirier. Roussel and Siredey. 

Extrarenal blood cysts were reported by Bellamy, Leopold, Malherbe, 
Picque, Walther, Minkowski, Friedrich, Lippens, Fedoroff, Hull- 
siek and Sohn. They may or may not connect with the kidney. 

Old organized sclerotic hematomas were reported b)"^ Gyselynck and 
by Kummel. 

Infected hematomas occurred in the cases of Marshall, Michaux, 
Korte and Flo 3 ^d and Pittman, perinephritis being the diagnosis in the 
cases of Schultze, Peters, Balo and Sturm. General sepsis as well 
occurred in the cases of Brunner and Heilmann. Grasmann recorded 
a septic infarct; Joseph, a suppurative nephritis, and Pauchet, Meyer, 
Lediard and Meyer and Singer, cases of infected kidneys. 

The infections were both general and local and were found to be 
causative as well as complications. They had a tendency to favor con- 
gestions of the kidneys with resultant edemas and elevated renal and 
vascular tensions. Infections seemed to favor renal hemorrhages and 
capsular ruptures. It was for this reason that the cases of infected 
hematomas of Marshall and others were included. 

Rupture of the renal capsule was mentioned in 30 cases (16.9 per 
cent) as follows : Azzurrini, Amberger, Armstrong, Babitzki, Balo, 
Boland, Bevacqua, Baxter, Cibert, Dickinson, Fedoroff, Floyd and Pitt- 
man, Doll, Fowler, Le Clerc-Dando 3 ', Lenk, Lawen, Hueter, Hullsiek, 
Hinz, Ilyin, Janssen, LeComte, Meyer, Mertens, Prym, Rosenbach, 
Schiffmann, Speese, Secretan and Thomas. 

As to the frequency of renal rupture as found at autops 3 ^, we ma 3 f 
mention that Kiister found it in 0.12 per cent of 7,741 necropsies ; 
Herzog in 16 or 7,805 autopsies, and Giiterbock in 10 per cent of 
326 autopsies. Henline found 25 cases of spontaneousl 3 ^ ruptured kid- 
ney in the literature in 1924. Lepoutre assembled 10 cases of ruptured 
h 3 'dronephrosis in 1928. 

Hullsiek (1931) computed the number of nontraumatic ruptures of 
the kidney at 30. 

The tendenc 3 ’' to rupture is much greater in a diseased than in a 
healthy kidney. This is especially true in chronic conditions, such as 
nephritis, arteriosclerosis, lithiasis, h\’dronephrosis. tuberculosis, neo- 
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plasms and polycystic disease. Although it is admitted that various 
forms of trauma, even mild, Jiia}' be the chief causes of rupture, never- 
theless, sudden congestions with elevated intrarenal pressure may play 
an important role in the mechanism of this rupture. 

If we accept Tuffier’s classification of renal rupture, as ecchymosis, 
subcapsular rupture and total rupture, then congestions, especially acute 
types, will assume particular importance (1S92). 

The cardinal symptoms of the commonly seen acute forms are sud- 
den, sharp, severe pain in the region of the kidney; an abdominal 
retroperitoneal tumor felt below the costal margin, which rapidly and 
progressively increases in size, and the signs of internal hemorrhage: 
such as shock, marked anemia, pallor, cold sweats, clamm^'^ skin, prostra- 
tion, subnormal temperature, low red cell count and low hemoglobin. 

In the ear] 3 - stages, or in the forms with an insidious course, only 
one, or indeed none, of these cardinal s^’inptoms may be present. The 
later appearance of severe secondary anemia and abdominal tumor or 
dulness should clear up the doubtful diagnosis in such cases. 

The hemoglobin may be quite low, but rarely sinks below 45. The 
hemoglobin ranged from 45 to 80 in most of our cases. The red cell 
count is rarely below 3,000,000. 

In the absence of a tumor, a dulness in the flank may be elicited at 
times. The first S 3 TOptom is almost invariably pain, and tumor soon 
follows as a dose second. 

Many cases show gastro-intestinal disturbances, such as nausea, 
vomiting, meteorism, constipation and ileus. These symptoms are much 
more marked in the presence of trauma. 

The temperature is subnormal at first, but later rises, due to the 
absorption of fibrin or to infection. 

Rigidity of the muscles about the costovertebral angle and upper 
part of the abdomen is often present, and is more marked when infec- 
tion ensues or in renal disease. 

Hematuria and evidences of nephritis in the urine are frequent 
findings. Our records show mention of nephritis in 30, or 16.8 per 
cent. Coenen found pathologic urine in more than 53 per cent. Urinary 
disturbances are not infrequent, being present as a sign of renal or 
bladder diseases. Chills, fever and pyuria occur only with associated 
urinary infections or secondarily infected hematomas. Calculi are occa- 
sionally discovered by the roentgenogi'am. 

Lumbar swelling and ecch 3 'mosis on the skin rarety appear and are 
pathognomonic of deep lumbar and perirenal disease. 

Exploratory puncture ma}'’ assist, but usually it fails to clear the 
diagnosis, since only bloody fluid is obtained. 
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Tlic tumor was unilateral in 105 eases, -16 on tlie riglit and 59 on the 
left. Six cases were bilateral. 

The course was acute and rapidly progressive in the typical severe 
cases. The chronic forms with .slow insidious course and of long 
duration were descrihed hy Cathelin, Lenk and Koch. Such, however, 
arc not frequent. Ordinarily the hemorrhage is progressive, and the 
tumor grows steadily from day to day. 'I'hc jjain continues severe. 
The duration of the severe cases is necessarily quite short and varies 
considerably. Table A records the duration of some of the cases to the 
time of operation or death. 

Death may be due to secondary anemia, the result of massive hemor- 
rhage. Other conditions that may be fatal are ileus, pneumonia, 
peritonitis, sepsis, uremia or operative shock. 

The condition has been diagnosed correctly in only a few cases. It 
is usually confused with the causes of acute conditions within the 


Taiile 4. — Duration of the Disease 


Case 


Duration 

Case 

Duration 

Rapln 

12 

liour.c 

Doll 

5 days 

Pryra 

21 

hours 

Ecnk 

C days 

Sclillchtlnc 

24 

hours 

Pnuchet 

9 days 

TulUcr 

24 



10 days 

Wnegner 

24 

hours 

.Toseph 

12 days 

Seldcl 

21 

hours 

LHwen 

13 days 

Mackenzie 

2S'^ hours 

Illldcbrand 

3 weeks 

Pick 

O 

days 

Minkowski 

0 weeks 

Ocstrelch 

3 

days 

CathcIln 

3 months 

Scliiilcr 

4 

days 

Koch 

1 year 

liCdlard 

4 

days 

Lenk 

1 year 


abdomen. It must be differentiated from h)'dronephrosis, renal lithiasis 
or tumor, paranephritic abscess, aneurysm of the renal arter}-, appendi- 
citis, ruptured gallbladder or gastro-intestinal ulcers, torsion of an 
ovarian cyst, ruptured ectopic pregnane}', etc. 

The cardinal symptoms of renal pain, abdominal tumor and signs of 
internal hemorrhage should furnish a definitive diagnosis in favorable 
cases. 

The prognosis is dependent to some extent on the origin of the bleed- 
ing, its cause and the kind of treatment given, as well as on the general 
condition of the patient. It is bad in cases in which treatment is not 
given and in cases with severe renal pathologic changes or a ruptured 
aneurysm. It is favorable after early nephrectomy and in congestive 
forms. Severe cases tend toward death. 


TREATMENT 

The treatment in 47 cases was conservative and expectant and 
resulted in a mortality of 100 per cent. All authors reported death in 
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all cases in which ircatment was nol j^iveii ; Coenen, Greco, Israel, 
Rapin, Speese, Seidel, 'J'schiuarkc, Ahhctli. ]?ahilzl:i, IjOiUhius, 
Mackenzie, Meyer and Singer, Vogcler and others. 

Conservative surgical procedures, consisting of the evacuation of 
blood clots, tamponage and drainage, gave better results. In 4.'^ eases 
in which the patients were so treated there was a mortality of 40 per 
cent. 

Surgeons soon learned that the kidney was often at fault, and that 
nephrectomy gave the best results. Si.xty-two patients were nephrecto- 
mized, with a mortality of 24 per cent. 

Of the 174 patients, 9S died (56.35 per cent) and 76 were cured 
(43.65 per cent). 


T.\ble 5. — Results of Treatment in ITS Cases 





Mortnilty, 

COK’S 

('iirt’il 

nii’il 

I’crcciitncc 


Xcplircctomy 

C2 

■IT 

13 

24.3 

Drninneo 


2C 

17 

•10.0 

Laparotomy 

S 

O 

C 

7.J.0 

Operation 

C 

1 

5 

S3.0 

Hysterectomy 

O 

0 

f> 

100.0 

Decapsulation 

1 

0 

1 

100.0 

Aspiration 

V... 1 

0 

1 

100.0 

Herniotomy 

1 

0 

1 

100.0 

Appendectomy 

1 

0 

1 

100.0 

Exploratory 

1 

0 

1 

100.0 

Cholecystectomy 

1 

0 

1 

100.0 

No operation 

47 

0 

47 

100.0 

Grand total 


7C 

OS 


No records 

4 




Final total 

ITS 

43.03% 

DG.35% 



Greco assembled 60 cases, in 40 of which the patients were operated 
on, with cure in 28 ; 62 per cent by incision and 83 per cent by nephrec- 
tomy. The total mortality was 53.3 per cent. 

Seidel reported 18 cases, with a mortality of 41.7 per cent for the 
12 cases in which the patients were operated on. 

Israel showed a total mortality of 60 per cent, Rapin 50 per cent, 
Meyer and Singer 60 per cent and Speese 47.5 per cent. 

Tschmarke collected 38 cases; in 27 of these operations were per- 
formed within twenty-four hours; 13 patients were cured (48 per cent), 
and 14 died (52 per cent). The remaining 11 patients were operated 
on late, after a lapse of several weeks, and onty 1 died (9 per cent). 
We might inquire how many of the 27 patients who were operated on 
early would have lived for several weeks without treatment. 

Nephrectomy is the operation of choice, unless a bleeding vessel can 
be caught and ligated, as in cases with extrarenal etiology. 



T, ABLE 6. Cq^cs Collected ft'oui the dtevatiLfe * 


Author 

Year 

Sox*: 

Age 

I.ocatlon 

Abbetti 

.Vmberger 

... 1012 
. . . 1926 

F. JD 
M.OO 

Subcapsular 

Extrarenal 

.Vnnstroiig 

... IS‘5 

31. GO 

Extrarcnal 


Cause and Patho- 
lojjic Condition 


Treatment Result 


Xo cause; nephritis 
arteriosclerosis; 
cystic kidney 

Nephritis and renal None 
cavity as cause 
(cyst): aneurysm 


Nephrectomy 

Nephrectomy 


Cored 

Cured 


Died 


AzrorrioL. 
Babltzki. . 
Barnard.. 


1012 

1912 

ICOO 


Baggerd lOH 

Barthcls lOCO 

Bazy 1005 

Baxter 1021 

Bevacqua 19U 


F, JO 

Extrarenal 

of renal artery 
Nephritis 

Hysterectomy 

Died 

F, JO 

Extrarenal 

Hydronephrosis 

Nephrectomy 

Cured 

Little 

Extrarenal 

Aneurysm of renal 

None 

Died 

gitl 
M. 44 

Extrarenal 

artery 

Hydronephrosis as 

Nephrectomy 

Died 

F. 51 

Extrarenal 

cause: nephritis 
Suprarenal 

Decapsulation 

Died 

31, old 

Extrarcnal 

Nephritis 

of kidney 
Drainage 

Died 

F. 13 

Extrarenal 

Nephritis as cause 

Laparotomy 

Cured 

31.27 

Extrarcnal 

Nephritis as cause; 

None 

Died 



arteriosclerosis; 



von Beck 

1012 


Subcapsular 

miliary aneurysms 
No cause 

Nephrectomy; 

nephrotomy 

Nephrectomy 

Cured 

Boland 

1023 

F, 31 

Extrarenal 

Sarcoma of kidney 

Cured 

Bonthius 

1931 

F, 55 

Extrarenal 

No cause; supra- 

Nephrectomy 

Cored 

Bellamy 

ISSS 

F, 44 

Subcapsular 

renal suspected 

No cause; renal 

Nephrectomy 

Died 

BoUae 

1020 

M, 21 

Extrarenal 

blood cyst 
Hemophilia 

Drainage 

Died 

Breitner 

IDiS 

F, 22 

Extrarcnal 

No cause; supra- 

Drainage 

Died 

Brunner. 


31, 41 

Extrarenal 

renal ruptured 
Sepsis as cause 

None 

Died 

Brunner 

1927 

F, 55 

Extrarcnal 

Suprarenal hemor- 
rbage 

Hypemepbroma 

Drainage 

Died 

Bald 

1925 

31,33 

Extrarcnal 

Nephrectomy 

Cured 

Bald 


M, 13 

Subcapsular 

3>ephritis 

Nephrectomy 

Cured 

Bald 


31, 78 

Subcapsular 

Hydionepbrosis as 

None 

Died 

Bald 


F, 44 

Subcapsular 

cause; arterio- 
sclerosis 

Xo cause: bemato- 

Nephrectomy 

Cured 

Bald 

1925 

F, 55 

Extrarenal 

nephrosis 

Hydronephrosis and Laparotomy 

Died 

Bald 


F. 18 

Extrarenal 

arteriosclerosis as 
causes; carcinoma 
of uterus 

Aneurysm of sper- 

Herniotomy 

Died 

Bald 

1925 

F, 26 

Extrarenal 

matic artery 
ruptured 

Aortic aneurysm 

Appendectomy 

Died 

Bald 

1925 

M, .56 

Extrarenal 

Aortic aneurysm 

None 

Died 


Balo. 


Bilschai 1^2S 

von Brackel 1S&9 

Begg 1926 

Oathelin 1907 


1923 23 Estrarenal Hemophilia cause; Aspiration 

perinephritis 
Extrarenal Toxic nephritis 
Subcapsular Blood cyst of kidney Resection 
Subcapsular Blood cyst of kidney Nephrectomy 


il, 18 
M.33 
F, 25 


Cathelin. 

Chauvin. 


1907 

1930 


Subcapsular Tuberculosis of 
kidney 

Tuberculosis of 

kidney 


Nephrectomy 


Died 


Cured 

Cured 

Cured 


Chauvenet 192S 

Cibert 1928 

Coenen lOiO 


Connerth. 
Cordier. .. 


Chisholm. 


1023 

1910 


1026 


Danyau 1S35 


Dickinson.. 
Doll 


Doll.. 


15S3 

1007 


1007 


M, 41 

Extrarenal 

Epithelioma of 
ureter 

Nephrectomy 

Died 

F, 59 

Extrarenal 

None 

Drainage 

Died 


Extrarenal 

Cyst of kidney 

Nephrectomy 

Cured 

M, 33 

Extrarcnal 

Hemophilia as 
cause; nephritis 

Nephrectomy 

Died 

M,20 

Extrarenal 

Hydronephrosis; old None 
hematonephrosis 

Died 

M, CO 

Bilateral 

extrarenal 

Suprarenal hemor- 
rhage 

None 

Died 

F, 23 

Extrarenal 

Aneurysm of renal 
artery 

Laparotomy 

Died 

M, 15 

Extrarenal 

Aneurysm of renal 
artery; trauma 

1 month before 

None 

Died 


Extrarenal 

Nephritis 

None 

Died 

31. CO 

Extrarenal 

Arteriosclerosis 
cause; nephritis 
Arteriosclerosis 
cause 

No operation 

Died 

31, 41 

Extrarenal 

No operation 

Died 


♦ Additional cases (Wunderlich, Wilclbolz, Traube, Turco, Schmorl, Pritchard, Poadek, 
Miller* and Israel) are mentioned in the literature, but tre -were unable to And details. 
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Autlinr 

Year 

s.\: 

A 

1. oration 

Call''' nnd Fntho- 
logic t’onditlo’i 

Treatment 

licilllt 

DonntI 

I!‘.N 

.M. 

i:.\lrnrriml 

No record 

Ol>erntion 

Ciind 

ProtibnlN 

IS'T 

F. OI 

llMrarnml 

Suprarenal 

None 

Dieil 

Poroiulorl 

I'.'H 

.M, hi 

Fxtrnrrnnl 

Arl*’rlocrl‘Tofl[*i 

None 

Did 

I)o\irllii 


•M. M 

F.xlrnrfnnl 

rnu«c; nnniry.«rn 
oI renal artery 
Aneury.'iin of renal 

None 

Dic<l 

Kcnrliis 

IF.’? 


Il.xtrnrrnal 

artery 

Hypernephroma 

Operation 

Died 

Pciirlus 

1!>.’? 


KxtrnrrnnI 

.\neury.ini of ah- 

Operation 

Died 

JCiclpr 

1 

.M. or 

K.xlrnrrnnl 

dominni aorta 
Aneiiry.im of aorta 

1 None 

Died 

ICIclor 

ll*2S 

M. :.i 

Kxtrnrrnal 

Hypernephronin 

I,nparotomy 

Died 

KiikoI 

I'Ki.; 

F. S2 

Fxtrnrriml 

Aneury.im of renal 

None 

Died 

Fciioron 

ipr. 

F, 0,) 

Fxtrnrriml 

artery; nI«o 
nrterlo'iclero'il.o 
No cnii'.e; para- 

Hralnagc 

Cured 

I'cdincc 


1 f *ki 

KxtrnronnI 

renal cy,“t 
Suprarenal 

Drainage 

Died 

Flshlicrn 

jo-v; 

.M. 

llxtrarenal 

I’erlnrterltls nodosa No record 

Died 

Floyd nnd I’Ittiimii... . 

i;i,u 

M. 

Fxtrnronnl 

Cnletihi'! niiil rup- 

Drainage 

Cured 

i'rnzicr 

I'.O? 

•M. 27 

Kxtrarcnal 

tiircl kidney ns 
rati.se; perlnc- 
phritle abscess 
'Fuliercidosis of 

Drainage 

Cured 

Frnnkc 

1012 

.^r, ritt 

Kxtrnrcnal 

khlne.v 

Hypernephroma 

Nephrectomy 

Cured 

Friedrich 

IFOG 

M. 22 

Subcnpsuhir 

rolycythcmin as 

Drainage 

Cured 

Fowler 

ion 

F, 52 

llxtrarenal 

cause: para- 
renal cyst 

No cnu.sc: cavity In 

Nephrectomy 

Cured 

Gilc 

19'2'J 

M, 37 

Subcapsular 

kidney (cyst) 
Heinangloinn of t 

Nephrectomy 

Cured 

Gnfil 

1!>30 

M, 17 

llxtrarenal 

kidney 

Leukemia 

Operation 

Died 

Greco 

lP2o 

-M, 51 

llxtrarenal 

Prostatism nnd 

Drainage 

Cured 

Greco 

102.) 

F, 43 

llxtrarenal 

congested kidneys 
Anciiry.sm ot renal 
artery 

Septic Infarct of 

Drainage 

Died 

Grnsrannn 

lO-’S 

F, 30 

Extrarcnal 

Nephrectomy 

Cured 

Gruber 

1P2G 

•If, SO 

E.vtrarennI 

kidney 

Pcrtnrtcr/t/s 

None 

Died 

Goldmnnn 

3912 

F, S 

Extrarcnal 

nodosa ns cause: 
traumatic aneurysm 
of renal artery 

Sarcoma of kidney Nephrectomy 

Cured 

Gouget and f5ouligoux 

1905 

F, 10 

Extrarcnal 

Eennl blood cyst 

Nephrectomy 

Died 

Gutierrez 

192S 

F, 34 

Extrarcnal 

as cause 

No cause 

Drainage 

Cured 

Gyselynck 

1910 


Extrarcnal 

No eauEc; old organ 



Giuliani 

1910 

F, 52 

Subcapsular 

ized hematoma 

Blood cyst of kidney Nephrectomy 

Cured 

Harris and Friedrichs. 

1922 

31, 32 

Extrarcnal 

Periarteritis nodosa 

None 

Died 

Hawkins 

1S94 

31, 31 

Bilateral 

Aneurysm, of ’renal 

None 

Died 

Haebler 

192S 

F, 34 

extrarcnal 

Extrarcnal 

artcr.y 

Nephritis cause; 

Drainage 

Cured 

Hartmann 

1900 

Extrarcnal 

scorbutus 
Carcinoma of kid- 

Nephrectomy 

Cured 

Hildebrand 

ISOj 

F, 19 

Extrarcnal 

Aneurysm of renal 

Drainage 

Cured 

Hcring 

1912 

M, 7 

Extrarcnal 

artery 

Scarlatina cause; 

Drainage 

Died 

Herzberg 

1930 

F, S9 

Extrarcnal 

nephritis 

Eenal tumor 

Laparotomy 

Died 

Higgins (Fulton) 

1904 

F, 36 

E.xtrarenal 

Aneurysm of renal 
artery 

3Iyolipoma of 

None 

Died 


1913 

F, 50 

Extrarcnal 

Nephrectomy 

Cured 

Heilmann 

1930 

Extrarcnal 

kidney 

No cause 

Nephrectomy 

Cured 

Heilmann 

1930 

31, 50 

Extrarcnal 

Arteriosclerosis 

None 

Died 


1930 

31, 27 

Extrarcnal 

Sepsis 

Drainage 

Cured 

Heilmann 

1930 

F, 14 

Extrarcnal 

Scarlet fever; 

None 

Died 


1920 


Subcapsular 

nephritis 

No cause 

None 

Died 


190S 

F, So 

Extrarcnal 

Nephritis 

Hullsiek 

1931 

F, 49 

Subcapsular 

No cause; para- 

Nephrectomy 

Cured 

Ilyin (Israel) 

1929 

F, 38 

Extrarcnal 

Nephritis and 
adenocarcinoma 

Nephrectomy 

Cured 

James 

Janssen 

1930 

F, 36 

Extrarcnal 

of kidney 

Cirrhosis of liver 

Drainage 

Cured 

1922 

31, 28 

Extrarcnal 

Periarteritis nodosa 

Drainage 

Died 



Tapi-K 6. — Cases CcUcctcd from Ihc Literature * — Contiuucd 






Cause and Patho- 



Aiilhor 

"i « ar 

Age 

Location 

logic Condition 

Treatment 

Result 

.lOFCpll 

. . 1!*0? 

-M, :o 

Fxtrnrennl 

Suppurative 
nephritis 
• Toxic nephritis 

Nephrectomy 

Died 

Joseph 

. U*05 

.\r, 15 

Subcap'tilai 

Drainage 

Cured 

Keen 

.. UKXJ 

r. -ir. 

Lxirarcnnl 

Aneurysm of renal 

Nephrectomy 

Cured 

KInnIsson 




artery 


. . isr>o 

F, Id 

Subcapsiilar Socau^c: hemnto- 

Drainage 

Cured 





nephrosis 


. ir-oo 

-M, SI 

Bilateral 

cxtrnrenal 

Pararenal cyst; 
nephritis 

None 





KGrto 

. . ]rti2 

M. .'.7 

Fxtrnrenal 

Bcnnl cyst cause; 

Nephrectomy 

Died 





infection 

Kortc 

.. 1012 


Fxtrnrennl 

Sarcoma of kidney 

Nephrectomy 

Cured 

Kroplus 

.. 1^2 

F, C7 

Subcflpsular 

Xo cau«e: hemnto* 

Drainage 

Cured 





nephrosis; cyst; 
nephritis 



Krogiu? 

1022 

:\i, 3". 

Snbcapsulnr 

XephrJtls 

Drainage 

Cured 

KOramcll 

, . 1014 

M. SO 

Fxtrnrennl 

Nephritis; scle- 

Nephrectomy 

Cured 





rosed hematoma 


Loncerenux 

. Ij'IS 

-31. 7G 

Stibcapsular 

Blood cyst of kidney None 

Died 

Lnux 

. 102o 

M, 47 

Extraronal 

Periarteritis nodosr 

i None 

Died 

Liiwen 

.. 1012 

31, 20 

Extrnrenal 

Hemophilia 

None 

Died 

Luwen 

102.'» 

31, 49 

Subcapsular 

Calculus; pyelo- 

Operation 

Died 





nephritis 



Lenk 

. ir^o 

F, 20 

Extrnrenal 

Nephritis 

Drainage 

Died 

Lenk 

. IJ*00 

F. 2S 

Extrnrenal 

Nephritis cause: 

Nephrectomy 

Cured 





hydronephrosis 


Leclcrc-Dandoj 

. 1909 

31. eo 

Extrarenal 

Nephritis 

Nephrectomy 

Cured 

LeComte 

. IWG 

31. 23 

Extrarenal 

Hydronephrosis 

Nephrectomy 

Cured 

Xejars and Sebilcau.. 

. 16S7 

F, rj 

Extrarenal 

Suprarenal cause: 

Exploratory 

Died 




renal blood cyst 

operation 


Lediard 

. 1924 

F. 49 

Subcapsular 

Nephritis cause: 

Nephrectomy 

Died 





renal infection 



Legucu 

. 1902 

31, 35 

Subcapsular 

No cause; hemato* 

Nephrectomy 

Cured 




nephrosis 




. 1897 



Suprarenal 
Arteriosclerosis as 



Lchnert 

. 1914 

31, C2 

Extrarenal 

None 

Died 





cause; nephritis 



Leopold 

. 1852 

F- 33 

Extrarenal 

No cause: blood 

Nephrectomy 

Cured 




cyst of kidney 



LIppens 

. 1913 

F, oS 

Extrarenal 

Arteriosclerosis and 

Nephrectomy 

Cured 




nephritis cause; 
hematonephrosis 




LfDColn 

. 193S 


Extrarenal 

ArtcTiosckTosis; 
rupture of renal 

^cphTcctomy 

Died 





artery; nephritis 



Malsonneuve 

. 1803 

31, 57 

Subcapsular 

Blood cyst of 

Puncture 

Died 




kidney 


Cured 

Marshall 

. 1883 

F, 13 

Extrarenal 

Suppurative hema- 

Drainage 




toma 9 months 
after trauma 




Mackenzie 

. 1930 

31, 25 

Extrarenal 

Polycythemia 

Nephrectomy 

Cured 

Malherbe 

, 1890 

31, 28 

Extrarenal 

Nephritis; hemato- 

Nephrectomy 

Cured 




nephrosis 


Died 

Mertens 

. 1922 

31, 21 

Extrarenal 

Periarteritis nodosa 

Laparotomy 

Meyer. 

. 1919 

31, 27 

Extrarenal 

Pyelonephritis; 

Nephrectomy 

Cured 




eroded artery 


Died 

Meyer 

Meyer and Singer 

. 1919 

31, 42 

Extrarenal 

Hypernephroma 

Drainage 

. 1927 

F, 40 

Extrarenal 

Aneurysm of renal 
artery; infected 

Nephrectomy 

Cured 





renal pedicle 


Died 

Michaux 

. 1900 

31, 40 

Extrarenal 

Cause: aneurysm of 

Drainage 




epigastric artery; 

arteriosclerosis. 

Infection 


Curcif 


Minkowski 

1900 

31. 21 

Extrarenal 

Polycythemia cause; 

Drainage 



pararenal blood cyst 

Dird 

VT " L 

ISSG 

F, 3S 

Extrarenal 

No cause; carci- 





noma of uterus 


Cured 

Mayo Clinic 

2927 

31, 72 

Subcapsular 

Blood cyst of kid- 
ney 

Blood cyst of kid- 
ney 

.Ineurysm of renal 
artery 

Nephrectomy 

Mayo Clinic 

1928 

31, 24 

Subcapsular 

Resection 

Cured 

Marklcy 

1909 

31. 70 

Extrarenal 

None 

Died 

Munger 

1932 

F, 54 

Subcapsular 

Blood cyst of kid- 
ney 

Arteriosclerosis 

Nephrectomy 

Cured 

Xicolich 

1930 


Extrarenal 

None 

Died 


oj renal vein 


I'ahi.j: 6. — Cdsrx Colhctai front thr Lilrratitrr * — Coitliniiri) 


Aiillior 

Yen r 

}^cx: 

Ar*' 

J.oenllon 

entire nnd J'ntlin- 
lorlc Condlllon 

Trcntment 

Itc.sult 

Ofslrcleli 

... I53t 

r. .'A 

r.xtrntetinl 

Aneurysm of mini 

Monc 

Pled 


. ... llMt 

M. r*:. 

KMtnti'nnl 

nrlery; nrlerin- 
rrlero.sl.s 

I'rnlnntre 

Prnlnnne 

Cured 

rnuclicl 

... inn 

.M, SS 

r.xlrnretiiil 

Infeetril kMney 

Pled 

rick 

... IPIO 

S', w 

l‘..\trt>reiml 

Mo rnu«e 

Prnitilirr 

Cared 

I’nren.strclier 

.... 1!'12 


rxirnreiml 

Snrromn of kidney 

Neptireetomy 

Pled 

IVtcr.s 

.... iK\ 

M, r-s 

Stihrnpsiiliir 

perinephritis 

Meplirrctoiny 

Cured 

ricqin'' 

... ISPS 

I', .'IP 

Jl.xtrn rennl 

Mo cntise; pjirn- 

Mephrectomy 

Cured 

I’nrrot 

.... 1S72 


.s:ul>efli>siiliir 

rennl Wood cy.st 
Xuprnrennl: tlirom- 

Mo record 


I’nrrof 

Cl 

(/j 


Siiticiip-iilnr 

ho'Is of rennl vein 
Siiprnrennl; tlirom- 

Mo record 


rnrrot 

.... isrii 


.‘^iiltenp.stilnr 

tiosts of rennl vein 
Siiprnrennl; tlirom- 

Mo record 


Prym 

.... IKS 

r, r>o 

r.xlrnreniil 

hosl.s of rennl vein 
nypernephromn 

Mephrectomy 

Pled 

Prs'in 

. . . . IKS 

r. ss 

J'.xtriireiuil 

Cliorlo-epltlicliomn 

Ily.stcrcctoiny 

Died 


In kidney from 
uterus 



IKIl 

M, r.s 

K.vtrnreniil 

Meplirltiv 

I.npnrotomy 

Died 

Plorry 

ISPj 

r, TO 

SuhcnP'^uInr 

nennl Wood cyst 

Monc 

Died 









’ . . , ! JESS 

F. ss 

.S’tilieiip.'-uliir 

itenal blood cyst 

Puncture 

Died 


1S.V 

M, 7.7 

F.vtrnrennl 

Siiprnreuiil 

Monc 

Died 

Cured 


1830 

M,C3 

Kxtrnrennl 

Kiipnireiiiil 

Dmlnnce 

Unpin 

Eecnmicr 

1803 

1918 

>1, 3.7 
r, f.9 
F, so 

FxtrnrcnnI 

Subcnpsulnr 

E.vtrnrcnnl 

Meidiritls 

Rennl blood cyst 
Ancuty.'m ot ovnrl- 

DrninnKC 

Resection 

Monc 

Died 

Cured 

Died 


1912 

0 days 

ExtrnrennI 

nn artery 
SuprnrennI 

Mono 

Died 

Cured 

Died 

Died 

Ulchnrdson 

1K5 

ion 

SI, 59 

M, S2 

Exirnrcnnl 

FxtrnrcnnI 

Mo cause, aneurysm 
of rennl artery 
Mcphritls 

Mephrectomy 

Monc 



Jf, SO 

ExtrnrennI 

Spinnl pnrnlysi.*-'; 
Infnrct of rennl 
bed ns cause 
Gnllblnddcr disease 

Monc 


1911 

M, SO 

E.xtrn rennl 

Cholecystectomy Died 


191C 


ExtrnrennI 

Suprarenal enuso; 




1912 

M, 29 

ExtrnrennI 

typhoid 

SuprnrennI 

Dralnnffe 

Nephrectomy 

None 

Died 


1017 

Id, 32 

ExtrnrennI 

Hypernephroma 



1921 

M, SS 

ExtrnrennI 

Mcphritls and 
arteriosclerosis 

cause 

Traumatic 
aneurysm of 
rennl artery 

Blood cyst of 



1770 

E.xtrnrcnnl 

None 

Died 



M, 23 

M,35 
M, SG 


Nephrectomy 

Died 

SaInt-CdiiD 

1921 

1921 

ExtrnrennI 

ExtrnrennI 

kidney 

No cause 
Arteriosclerosis 
Nephritis and 

Nephrectomy 

Nephrectomy 

Cured 

Died 

Cured 


1923 

M, SS 

ExtrnrennI 



1916 

F, 29 

ExtrnrennI 

No cause 

Pyemia: peri- 
nephritis 

Nephritis 

Nephritis 
Tuberculosis of 

Drainage 

Cured 

Died 


1916 

M, OS 

ExtrnrennI 



1912 

M,28 

Extrarenal 

Drainage 

Cured 

Died 

Cured 


1915 

F, 26 

ExtrnrennI 



1926 

F, SI 

Subcnpsulnr 



1912 

M, 2S 

Extrarenal 

Kephritis 

Drainage and 
laparotomy 
Nephrectomy 
Nephrectomy 
Nephrectomy 
Nephrectomy 

Cured 


1930 

M, 26 

ExtrnrennI 

Extrarenal 

Extrarenal 

Extrarenal 

Hydronephrosis 

Cured 

Cured 


1927 

M, 34 

Nephritis 

Cured 


1913 

M, SS 

Cured 


.. 1931. 


Perinephritis: 

Cured 


1930 

^,50 

Extrarenal 


Cured 


1930 

Q 

M,55 

Extrarenal 

Perinephritis; 

Drainage 

Scbramin 

1925 

.1.... 1921 

F, 50 

F, 64 

Extrarenal 

Soboapsnlar 

Aneurysm of renal 
artery 

Arteriosclerosis; 

hemntonephrosis 
ArterioscJerosis; 
hydronephrosis; 
carcinoma of 

None 

Drainage 

Died 

Died 

Died 


1 . . . 1921 

F, 54 

Subcapsular 

None 


1 






uterus 




Tahle 6. Ciiscs Collected from the Literature * — Continued 


.\uthor 

Singer 

Singer 

Sclimorl 

Year 

.... mis 

.... mis 

Sex; 

.\ge 

F. iO 

F, 10 

Location 

Extraronal 

Zxtrarcnal 

Cause and Patho- 
logic Condition 

Aneurysm of renal 
artery; arterio- 
sclerosis 

Infection and 
erosion of 
renal artery 

Treatment 

Xepbrectomy 

Xephrectomy 

Result 

Cured 

Cured 

Sclimorl 








Siredcr. 

.... 

.ii.ss 

Subcapsular 

Lead poisoning; 

None 

Died 





blood cyst of 







kidney 



Tage-Hansen 

.... 1013 

F, 35 

Extrarcnal 

cause 

Drainage 


Trulli 

... 1010 

31. 00 

Bxtrarenal 

.Vneurysm of renal 

Operation 

Died 

Thomas (Judd) 

... 1017 

31, 05 

Extrarcnal 

Calcified hydro- 

Xepbreetomy 

Cured 





nephrosis 



Tschmarkc 

... 1020 

31,19 

Extrarcnal 

Metastatic card- 

Nephrectomy 

Died 





noma of kidney 



TuUIer 

. . . 100*J 

31, 10 

E.xtrarcnal 

Sarcoma of kidney 

Xephrcctoray 

Died 

Turco. 

. . . 1927 







... 1571 






Wolfl 


Young 

Subcapsular 

Blood cyst of 

Nephrectomy 




man 


kidney 



WoIlT 


Young 

Subcapsular 

Biood cyst of 

Nephrectomy 




man 


kidney 



\ogelcr 

... 1922 

F, 02 

Extrarcnal 

Aneurysm of renal 

None 

Died 





artery 



Wade 

... 1913 

M, 20 

Bilateral 

Nephritis cause; 

None 

Died 




extrarcnal 

syphilis and 







malaria 



Waegner 

... 1031 

31, 39 

E.xtrarcnal 

Aneurysm of renal 

Drainage 

Died 





artery 



Walther 

... 1002 

F, 22 

E.xtr arena] 

No cause; cathar- 

Drainage 

Cured 





tic; pararenal 







blood cyst 



Walter 

.. 1921 

31,33 

Bilateral 

Periarteritis nodosa 

Xone 

Died 




extrarcnal 




Wiilis and Bonet 

.. 1700 

Child 

Extrarcnal 

E.xanthem (inlec- 

Xone 

Died 





tion) 



Wright 

. . 1931 

F, 70 

Extrarcnal 

Tumor of kidney 

Nephrectomy 

Cured 

WffdhrtlT! 














Zweig 

.. 1923 

ir, io 

Extrarcnal 

Arteriosclerosis 

Drainage 

Cured 


SUMMARY 

1. Seventy-six per cent of experiments on animals with h’gation of 
the renal vein were positive for perirenal hematoma, and 100 per cent 
for parenchymal hemorrhage. 

2. One hundred and seventy-eight assembled cases showed almost 
70 per cent of renal and suprarenal disease associated with perirenal 
hematoma. 

3. The causative disease of the kidneys, suprarenals, blood vessels 
and infections are all capable of sudden congestions of the organs and 
elevation of intrarenal tension. 

4. Spontaneous perirenal hematoma may often be the result of sud- 
den congestion of a diseased organ. 

5. A case is reported which was due to an ^^trarenal cause. 

6. Nephrectomy is the operation of choice, with renal bleeding. 

7. Spontaneous cases in which no cause is discoverc-l are probably 
explained by a sudden renal congestion, acting on ,y|ne pathologic 
condition of the kidney or of the perirenal tissues. E‘. ;a in the cases 
with a demonstrable cause, the mechanism of hemorr}:ife may be as 
suggested. 


O 
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The subject of transplantation of various tissues or organs is impoi'- 
tant, since great practical value might come from the development of 
a successful method. This applies particularly to the transplantation 
of an organ such as the kidney, whereby a normal organ might be 
exchanged for a diseased one. A comprehensive review of the subject 
of transplantation of tissue has been made recently by Loeb,^ and we 
shall, therefore, mention only a few considerations which are pertinent 
to our report. 

Two methods have been used for the transplantation of tissue. The 
method usually employed both clinically and experimentally has been 
to excise a small section of tissue and to implant it in the desired situa- 
tion, expecting it to obtain its own blood supply. The other method 
has been to transplant a whole organ, anastomosing its blood vessels 
to other suitable vessels. The latter method was made technically 
possible by the development of vascular surgery b}^ Carrel." Owing to 
the claims of certain surgeons, with particular reference to implantation 
of sex glands and the striking success of an occasional experimental 
transplantation, the procedure often is considered successful. However, 
the results of numerous investigators have demonstrated that auto- 
transplantation, that is, reimplantation of tissue or of an organ in the 
same subject often is successful, whereas homotransplantation, that is, 
implantation into another subject of the same species is rarefy successful, 
regardless of the tissue or organ transplanted. 

From the Division of Experimental Surgery and Pathology, the Ma 5 -o Founda- 
tion, and the Physiologic Laboratory of Georgetown UniversiW School of Medicine. 
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ARcmrns or surgery 


In an investigation in wliich a dcnervatccl heart j)rcparation was 
desirable, one of us (Dr. ^Markowitz) sugge.stcd that a transplanted 
heart might be emidoyed. 'i his suggestion led to the present investiga- 
tion, and, although the results have not fully justified our expectations, 
they seem worthy of j}resentation as adding further data concerning 
transplantation of organs and as demonstrating a method that may be 
of value in research on the heart. It is obvious that all of our trans- 
plantations of the heart arc homotrans[)lantations. The essential pro- 
cedure was to establish coronary circulation of the transplanted heart 
b}' anastomosing its aorta to a suitable vessel of the reci])ient. From 
the results of preliminary e.xperiments which included several methods 
of procedure, two technical methods were developed which gave about 
equally successful results. With the first method, it was essential to 
maintain the tonus of the heart as long ns possible throughout the 
procedure and to establish the coronary circulation b^"^ anastomosing 
the central end of the carotid artery to the aorta. This was accomplished 
b}' first preparing the necessar\' vessels of the recipient and then obtain- 
ing the heart from the donor by the judicial ligation of the larger 
arteries in relation to the ligation of the larger veins so that effective 
coronary circulation was maintained as long as possible. It was neces- 
sary to operate with speed in order to maintain the cardiac tonus and 
to obviate the possibility of intravascular clotting. It was found possible 
to transplant a heart in which the time between the cessation of the 
contraction of the heart and the establishment of the coronary circulation 
with the blood of the donor was less than five minutes. With the 
second method, it was essential to ligate the large veins before the 
large arteries, and thus prevent the possible dilatation of the heart and 
at the same time stop its contraction. To pi'event the possibility of 
intravascular clotting the donor was heparinized just before operation, 
and the coronary circulation was established by anastomosis of the 
aorta to the peripheral end of the carotid arteiy. The details of the 
technic follow. 

All operative procedures were carried out under ether anesthesia with rigid 
aseptic technic. The preparation of the field of the recipient was as follows : 
The carotid artery of one side, preferably the left, and the jugular vein of the 
opposite side were dissected free. It is convenient, but not essential, to use dogs 
of good size. The adventitia was carefullj’^ stripped from the vessels in the usual 
manner for anastomosis. The field was then packed off with moist gauze com- 
presses. With a sharp knife these vessels were sectioned between protected 
clamps from 3 to 4 cm. from the suprasternal notch, and the blood was squeezed 
out. If the first method of transplantation was to be employed, the peripheral 
end of the common carotid artery was ligated while the protected clamp was 
applied to the central end, and the latter was prepared for anastomosis by removal 
of the remaining adventitia. If the second method of transplantation was to 
be used, the opposite was done; The peripheral end of the carotid artery was 
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prcp.irrtl fnr niia'-liiii)".'-is .'intl lltc mitral ciul !if;:itc(I. A similar procedure 
was carried out for tlic jugular vein, with tlie difTerence that tlic cephalic end 
of the vein was always tied, the cardiac imrtiou heiiiK occluded with forceps. The 
usual thice sutures of fine silk were placed equidistant in each vessel, and the 
whole field was covered with iwdst p.aur.c. Meanwhile a small dog was cthcvirxd 
and .maintained under artificial respiration. 

If the first method of transplantation was carried out, the procedures were 
ns follows: The thoracic cavity was entered through a left intercostal incision, 
and the heart was exposed. Loose ligatures were placed around tlie great arteries, 
aorta, brachiocephalic artery, left brachial artery, vena cava and azygos vein. 
The pericardiimi was then entered, and the largest branch of the pulmonary 
artery was located and tied. The left pulmonary veins were ligated in turn. 
The right branch of the pulmonary artery and the right pulmonary vein were 
exposed. Then, in .alternate succession, the ligatures were tightened on the aorta 
and on the other large veins and arteries in such an order tliat the coronary 
circulation was maintained, the heart never being allowed to become overdis- 
tended. Finally, tlie remaining pulmonary vessels were ligated. All the vessels 
were then sectioned distal to the points of ligation, and the heart was removed 
to the previously prepared operative field of the recipient. The left branch of 
the pulmonary artery was anastomosed to the previously prepared central end 
of the right jugular vein. The clamp was removed from the jugular vein, and 
the blood in the heart gently squeezed out. This not only emptied the heart of 
blood, but permitted the deposit of fibrin around the suture line, which prevented 
subsequent leakage. A strong clamp, or if necessary two clamps, were placed 
2 to 3 cm. from the line of section of the aorta, and the end of the aorta was 
prepared for anastomosis. There was no need to remove much adventitia from 
the aorta. This vessel, especially in young animals, is extremely friable, and 
should be treated with great care. If the heart was taken from a large dog 
it was advisable to anastomose the brachiocephalic artery instead of the aorta, 
as otherwise the disparity in size would be too great. 

If the second method of transplantation was to be employed, the thorax and 
abdomen were opened in the median line. The opening of the abdomen permits 
freer access to thoracic contents. The incision in the thorax was made in the 
midsternum; a self-retaining retractor was inserted, and 100 mg. of heparin in 
SO cc. of sodium chloride solution, previously boiled, was injected intravenously 
through the inferior vena cava. This vessel was then promptly tied and cut 
between ligatures close to the right auricle. The superior vena cava, the azygos 
vein, the brachiocephalic artery, the left brachial artery and each lobe of the 
lungs were tied and cut between ligatures. It was essential not to tie the root 
of the whole lung in one ligature as the ligature almost always slips, causing 
uncontrollable oozing when the heart begins to beat. A strong forceps was 
applied to the aorta distal to the left brachial artery, and the heart was removed 
by cutting this vessel and the diaphragmatic attachment of the pericardium. The 
pulmonary artery was identified by opening the pericardium over the right auricle, 
and one of the large branches was carefully freed and transected proximal to its 
previously placed ligature. The heart was then ready to be sutured to the 
previously prepared vessels of the host in the manner described. The aorta or 
the brachiocephalic artery was anastomosed to the peripheral end of the carotid 
artery, and the pulmonary artery, or a branch of it, to the central end of the 
jugular vein. As in all anastomoses of veins, care should be taken not to 
twist the jugular vein while suturing it. Following anastomosis the clamps 
were removed first from the vein and then from the arter 3 '. Blood was permitted 
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to leak from tlic latter for a slinrt time in order to make sure that al! tiic air 
in tlic lengtli of vessel exposed for anastomosis had l)ecn cxjiellcd. This prevents 
coronarj’ cmholism due to the entrance of air into tlic coronary arteries. Wiicn 
it had been accomplished, the clamp was removed from the aorta and a suitable 
pocket was made for the organ; if the heart heat became established, the wound 
was closed in the usual manner. 

In some experiments the pericardium was removed from the trans- 
planted licart, and in others it was left intact. No particular difference 
in the length of survival was noted itt the two grou])s of cxixtrimcnts. 
Howc^•er, it was found that if the pericardium was also transplanted, 
a wound should be made to permit the drainage of the large amount 
of pericardial fluid that always forms. 

The main cause for our failures was the distention of the heart with 
blood before its beat was established. The valves of the heart will not 
function if the tonus of the cardiac muscle is abolished or low. Since 
the new pathwa}- for the blood was established only to take care of 
the coronary circulation, the blood that leaked by the insufficient valves 
was trapped in the cavities of the quiescent heart. i\Iany different 
expedients were tried to overcome this difficulty, such as anastomosis 
of the vena cava of the transplanted heart to the cephalic end of the 
transected jugular vein, anastomosis of the vena cava to a branch of 
the pulmonary artery and the making of an artificial foramen ovale. 
None of these procedures was found to be of sufficient value to merit 
its employment. The main procedures found to be of value in over- 
coming this difficulty were: (1) restoration of the coronary circulation 
by using the peripheral end of the carotid arter}', b}' which method if 
the pressure was sufficiently low the impaired valves would not leak; 
(2) tempoi'ary opening of one of the venae cava when the quiescent 
heart began to fill with blood in order to permit the escape of blood 
until the beat became established, and (3) an attempt to maintain the 
cardiac tonus so that a minimum of leakage occurred. 

GENERAL BEHAVIOR OF THE TRANSPLANTED HEART 

The heart usually begins to contract immediatel}'^ after the coronary 
circulation is established. Occasionally only the auricles and the right 
ventricle beat imniediateh" and the left ventricle does not begin to beat 
until a few hours later. Usuall 3 '-, when the animal has recovered from 
the anesthetic the pulsations are regular and vigorous. The wall of 
the right ventricle in its contraction undergoes considerable excursion. 
The rate of the pulsation varies, but generally on the animal’s recovery 
from the anesthetic it is beating at the rate of from 100 to 130 per 
minute. In the next twelve hours the rate is surprisingly constant from 
moment to moment, and extrasystole is not detectable even over long 
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jH-riods. 'I'lie piilsntimis of the transidrinlcd organs do not inconvenience 
the animal in any way. Tlicy can he connled by palpation, or the rate 
can he. recorded with an eleclrocardiogra]ihic apparatus, direct leads 
from base to ajH-x being employed. The electrocardiographic tracings 
apju-ar surprisingly normal. If the animal struggles for any reason, 
the pulsation \isually increases. In one experiment the rate rose from 
120 to 1.S2. when tiie animal was jwevented from walking across the 
room. In another experiment the animal was induced to take a vigorous 
run about the grounds, and the ])ulsc of the transplanted heart increased 
temporarily about l.a heats per minute. 

In several experiments, after eareful preliminary observation, the 
host was given intravenous injections of thyroxin. Within eighteen 
hours the pulse rate of the transplanted organ was appreciably increased, 
whereas the rate of the host’s own heart was not yet affected. As has 
been indicated in previous papers,® tbis experiment can be interpreted 
as demonstratijig that the tachycardia following injections of thyroxin 
is independent of the central nervous system, and that the part that the 
central nervous system plan's is of an inhibitory nature, since the 
denervated heart was more sensitive to the accelerating influence of 
this drug. 

In general, however, the transplanted heart was found unsuitable for 
this type of experiment. After from one to eight days, irregularities 
became apparent which made the accurate determination of the pulse 
rate impossible. These irregularities were soon followed by absence of 
pulsation in the transplanted organ or by fibrillation. The longest period 
of survival in our experience was eight days. The average was about 
four days. When the heart was removed just before it became quiescent, 
the left auricle was found to be filled with a clot, and the right auricle 
and ventricle were distended. The surface of the heart was covered 
with mottled areas of ecchymosis; the heart was friable on section. 
Histologically the heart was completel}^ infiltrated with lymphocytes, 
large mononuclears and polymorphonuclears. In some instances a heart 
that was beating feebly at the time of removal showed few normal- 
appearing muscle fibers. Often edema developed around the transplanted 
heart in the same manner as it occurs around the hoinotransplanted 
kidney. 

3. Lewis, J. K., and McEachern, Donald; Persistence of an Accelerated Rate 
in the Isolated Hearts and Isolated Auricles of Thyrotoxic Rabbits : Response 
to Iodides, Thyroxine and Epinephrine, Bull. Johns Hopkins Hosp. 48:228 (April) 
1931. Priestley, J. T. ; Markowitz, J., and Mann, F. C. The Tachycardia of 
Experimental Hj’perthj'roidism, Am. J. Phj-siol. 98:357 (Sept.) 1931. Yater, 
W. M. : The Tachycardia, Time Factor, Survival Period and Seat of Action of 
Thyroxine in the Perfused Hearts of Th 3 'roxinized Rabbits, Am. J. Physiol. 98: 
338 (Sept.) 1931. 
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Our ohsfrvatioiis on tlic (raiij'ptnnk’d heart are in i;eiieral identical 
with those oil other transplanted tissue. It appears tliat functioning 
cardiac muscle is no less resistant as a honioiransplanl than is the 
similarly transplanted kidney, liven when the heart of a small dog is 
transplanted into the neck of its mother, the result is the same; the 
transplanted organ functions well for about twenty-four hours and then 
becomes irregular, and, as is often the case with the transplanted kidney, 
function may cease suddenly. 'J'lie transjilantcd heart may pulsate with 
great vigor; five minutes later pulsation may stop completely, and 
grossh' a cause cannot be found to account for it. With regard to short 
experiments, we have no hesitancy in saj'ing that the transplanted heart 
should be a valuable test object for the investigation of various 
physiologic problems. The technic should be looked on as “viviper- 
fusion,” the perfusion fluid being unchanged blood and the duration of 
the perfusion twenty-four hours or more. When the heart has become 
irregular, it can be removed aseptically without death to the host. 

Although occasional failure of the transplanted organ to function 
was found to be due to intravascular thrombosis, this complication was 
unusual. As with all other transplanted organs, it was suggested that 
the failure of the transplanted heart to sundve for more than a few 
days was due to the technic. Although several theoretical considerations 
make this criticism invalid, nevertheless some experiments were carried 
out for the primal^ purpose of minimizing trauma, to determine the 
length of time the coronary circulation Avas stopped and for other factors 
which might have been deleterious to the surAUA'al of the transplanted 
organ. In some of these experiments the heart did not cease beating, 
and in others it was quiescent for not more than ten minutes. The 
end-results of these careful experiments were the same, the longest period 
of survival being five days. When it is borne in mind that there is 
never any difficulty in preparing an autotransplant of the kidney that 
will survive in the neck in good condition for months, it is readily seen 
that the failure of the homotransplanted heart to survive is not due to 
the technic of transplantation but to some biologic factor Avhich is prob- 
ably identical to that which prevents surviA’-al of other homotransplanted 
tissues and organs. 

SUMMARY 

A technic for homotransplantation of the intact mammalian heart 
was developed. Such transplanted hearts beat vigorously for as long 
as from one to eight days. However, after about twenty-four hours, 
irregularities of the beat may develop and the heart may gradually, 
although sometimes suddenly, cease to function. The general behavior 
of such a transplanted organ as regards function, period of survival 
and cytologic changes is similar to that of other homotransplanted 
organs. 
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'J'iic clinical questions that surround the origin, the diagnosis and the 
treatment of pulmonaiy abscess arc numerous. A considerable number 
of them may not be answered in the light of present knowledge of this 
condition. The answers to some of these practical and pertinent ques- 
tions must come from the reciprocal orientation of the knowledge of the 
surgeon and the clinician with the knowledge of the specialist in cor- 
related fields, the roentgenologist, the pathologist, the bacteriologist, and 
so on. These specialists have their own puzzles. With regard to the 
bacteriologist, it is perhaps not too much to say that pulmonary abscess, 
representing a mixed infection that includes a tremendous variety of 
bacterial types, is extremely puzzling; and it may not be too much to say 
that few clinical men have been able to keep up with the changing front 
of bacteriology, and with the status of the great number of organisms 
that may be found in pulmonary abscess. In fact, few bacteriologists 
have the right to claim such accomplishment. 

In reviewing briefly the work that has been done relative to the 
bacteriology of pulmonary abscess, and in attempting to show wherein 
the work that has been done locally agrees or disagrees with reported 
studies, it will not be possible to touch on some points. It is, however, 
more important that a bacteriologic concept of the problem be gained, for 
several years of association with it has revealed clearly that no narrow 
perspective is adequate. 

There are perhaps three questions which the surgeon might ask the 
bacteriologist, if he did not know that the bacteriologist is not able to 
answer them. He might first ask whether studies of the bacterial inva- 
sion reveal anything with regard to the pathogenesis of the infection. In 
short, does the original infection come from embolic or from aspiratory 
processes? He might then ask: Just what organism or organisms are 
responsible for the original infection, assuming the presence in the 
advanced abscess of a considerable secondar}’- flora. Coming, then, to 
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the projjrcss of the; (le\Tln])i>(l ease, hi' ask in just what way the 

progress of the disease, and the prognosis, depend on certain particular 
bacteria or certain groups thereof, 'j'hc consideration of these questions 
in their logical order will perhaps constitute a reasonable aj^proach. 

The mechanism of infection is a subject concerning which there is 
considerable argument. Most of these arguments arc the result of the 
idea that the original infection arises from a septic embolus, or that it 
arises from aspirated blood and mucus from the mouth, presumably 
under general anesthesia. Cutler and Hunt ’ favor the embolus theorj’, 
based on the clinical picture (sudden onset, and so on), the frequency 
of occurrence in the lower right lobe, the occurrence of metastases to the 
brain, the frcqucnc}" following local anesthesia and the frequency follow- 
ing procedures that favor the formation of emboli. A number of cases 
have occurred on the twelfth day after tonsillectomy, which some con- 
sider to favor the embolus theory. Allen - indicated from eighty-four 
cases that 53 per cent followed cmbolus-])roducing procedures. There 
is plenty of evidence, however, showing that foreign bodies, infection 
of the upper respiratory tract, submersion, and so on, are predisposing 
factors in man}'' cases. 

Bacteriologic evidence with regard to the mechanism of infection 
arises from two series of observations : There have been many attempts 
to duplicate the infection in animals, and the study of the bacteria of 
pulmonary abscess reveals that in type they duplicate closely the flora of 
the buccal cavity. 

The ■ experimental reproduction of abscess of the lung has been 
accomplished, principally within the last five years, by Smith,® Crowe 
and Scarfif,^ Holman, Weidlein, Cutler and Schlueter,® and Joannides,® 
the latter using an admirable series of eighty-seven dogs. Some of these 
experiments resulted in abscesses of the lungs and a variety of other pul- 
monary infections, from procedures indicating an embolic origin; similar 


1. Cutler, C. C., and Hunt. A. M.; Postoperative Pulmonary Complications, 
Arch. Int. Med. 29:449 (April) 1922. 

2. Allen, D. S. : Etiology of Abscess of the Lung, Arch. Surg. 16:179 (Jan.) 
1928. 

3. Smith, D. T. : Experimental Aspiratory Abscess, Arch. Surg. 14:231 (Jan.) 
1927; Etiology of Primary Bronchiectasis, ibid. 21:1173 (Dec.) 1930; Fusospiro- 
chetal Disease of Lungs Produced with Cultures from Vincent’s Angina, J. Infect. 


Dis. 47:303 (April) 1930. 

4. Crowe, S. J., and Scarff, J. E.: Experimental Abscess of Lung in Dog, 
Arch. Surg. 16:176 (Jan.) 1928. 

,5. (o) Holman, E. ; Weidlein, I. F., and Schlueter, S. A.; Proc. Soc. Exper. _ 
Biol & Med. 23:266, 1926. (b) Schlueter, S. A.; Weidlein, I. F., and Cutler, 

E. C.: New York State J. Med. 26:767, 1926. (c) Cutler, E. C, and Schlueter, 

S. A.; Ann. Surg. 84:256, 1927. 
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icsiills li:ivc Iiccn secured by aspiralioii. Allliougli the experimenter 
took Ills individual stand in accordance with the method with wliich he 
was most successful, there is nothing to indicate to the outsider that 
either mechanism is not possible, or even that one is more frequent than 
the other. hVom the hacteriologic standpoint, the choice of the dog is 
unfortunate, owing to the frequency of contaminating flora in the 
healthy tissues. Furthermore, the artificial production of septic emboli, 
or the trapping of infected material in the bronchi, has been accom- 
plished with material that does not reveal a clear hacteriologic picture. 
The most successful c.xpcriments have been accomplished by the use of 
purulent material from a pulmonary abscess as such, by the use of pus 
from the groin of a guinea-pig previously infected with abscess material, 
or by the use of material from the buccal cavity, from the tonsils, from 
pockets of pyorrhea, from lesions of ulcerative stomatitis and the like. 
Cutler and Schlucter performed some experiments with bacteriologi- 
call}’ specific emboli, and secured fair results with Staphylococcus aureus. 
Bacterium coli and nonhemol 3 'tic streptococci. The pneumococcus failed 
to induce abscesses. Mr. Goldman, of our group, injected a mixture of 
Bacillus melaninogenicum and a few contaminating cocci intratracheally 
into rabbits. The organism named is one described by Oliver and 
Wherry in 1921; it is a very small, short, gram-negative rod, -growing 
anaerobically on human blood agar, on which it forms a dense black 
pigment. Varney ' encountered it in a number of cases of pulmonary 
abscess ; Cohen ® noted the organism in fourteen of sixteen cases, and we 
have successfully demonstrated it in more than half the specimens 
examined. Varney attributed to it the role of a significant secondary 
invader. Its presence in the normal mouth and elsewhere renders some- 
what difficult a decision as to its particular significance. Goldman, 
however, succeeded in inducing a pulmonary infection from which 
histologic sections gave some evidence of early abscess formation. 

That the bacteria! flora of material from the well developed abscess 
is very similar to that of the ouccal cavity, particularly of the unh 3 '^gienic 
buccal cavity, may be considered as established. Briefly, the flora may 
consist frequently of fusiform bacilli and spirochetes, of diphtheroids, 
of B. melaninogenicum, of staphylococci, of all types of streptococci, of 
organisms of the colon group (B. coli, Proteus vulgaris), of the so-called 
streptothrices or filamentous types, of Micrococcus tetragenus, of pneu- 
mococci, and of gram-negative diplococci of the Neisseria group. Any 
or all of these may be found in the sputum, together with other organ- 
isms less frequently encountered or not easity identified. An 3 '^ or all 

7. Varney, P. L. : Bacterial Flora of Treated and Untreated Abscesses of 
Lung, Arch. Surg, 19:1602 (Dec.) 1929. 

8. Cohen, J. : Bacteriology- of Abscess of Lung and Methods for Its Study, 
Arch. Surg. 24:171 (Feb.) 1932. 
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iipjjc.ii with coiisidorahlo 1 rt'cjncncy in sj)c‘c'iincns from pulmonary 
abscess. I'lirthcrinorc, clicclcinjj the results oi our stuclies of speci- 
mens of sputum against the hactcriologic i)icture «)f other specimens, it 
seems proliahle that tlie llora of tlie abscess proper is similar qualitatively 
to that of the sputum— that is, specimens of sputum even carefully taken 
reveal a heavy buccal contamination, consiclered to be contamination for 
the reason that a bronchoscopic or a stirgical specimen reveals similar 
organisms, but perhaps not so many of some varieties, or it reveals no 
pneumococci, or no Xeisseria. Specimens of sputum should on this basis 
be avoided whenever possible. 

Analysis of the bactcriologic evidence pertinent to the mechanism of 
infection would seem to indicate that the origin may well be either 
embolic or aspiratory, and one should probably add the abscess which is 
induced by pneumonias or other conditions in which it is not possible to 
be sure that the ongin is embolic, Ijanphatic or otherwise. The flora of 
pulmonary abscess makes it difficult to picture a septic embolus, par- 
ticularly. let us say, from a laparotomy, which is contaminated with any- 
thing like the organisms found in the advanced stages of the disease. 
However, it is not necessary to assume that the primary infection is 
complicated, and it seems \'irtually unequivocal that the heavy secondary 
infection which must be postulated arises from the buccal cavity. In 
other words, not only is it unnecessar}’- to assume either an embolic or 
an aspiratory origin, but it is somewhat illogical to insist on a single 
route to the parenchyma of the lung. 

In passing on to the next question, it should be pointed out that the 
two possible approaches to this question as it stands at present seem 
to be through intimate pathologic study at autopsy and animal experi- 
mentation. In the latter, the work which has been done is barely pre- 
liminary, and subsequent work, if it is to be enlightening, must be vastly 
more carefulty controlled than has been possible heretofore. Inciden- 
tally, speaking as a bacteriologist, it would seem necessary to carry out 
this approach with better bacteriology than has been the case in most 
of the experiments that have been performed, at least if any conclusions 
are to be drawn with regard to the bacteriology of pulmonary abscess. 

The question of the specific etiology of pulmonary abscess ma}'^ be 
handled briefly. In the literature on the subject, few have ventured to 
suggest a specific etiologic agent. The suggestions which are made, usu- 
ally regarding the fusiform bacillus, the spirochetes or a combination 
of the two, are not made unequivocall}^ Thej’- are speculative opinions. 

It is possible only to point out the most logical bactcriologic stand in the 
matter. One may assume that the truly localized abscess, of embolic or 
bronchiogenic origin, starts with a minor lesion in the parenchyma of the 
lungs. Presumably this lesion originates as an infection, and at the 
outset there are no clinical symptoms. Furthermore, it is not possible 
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lo sample the Icsinn, jjrovided its presence and location were known. 
Considerinji the number of suppurative conditions and the number of 
pyoj^cnic organisms — considering, for a specific e.xamplc, the number of 
organisms that may be resjionsible for various pneumonias — there seems 
to be no reason for supposing that any one organism is invariably 
responsible for pulmonary abscess. It is most logical to assume that a 
number of organisms, singly or in combination, may be responsible for 
the original infection. It seems virtually impossible to approach this 
matter seeking a plausible answer except under the rare circumstances 
in which a pathologicall}' proved abscess is noted and studied immedi- 
ately after death, an abscess that is in its very early stages. To be sure, 
the development of the early abscess may be in part determined by the 
nature of the original infection ; it will also be determined by the location 
and man}' other factors. Thus, with regard to the specific bacteriology 
of this question, three points might be emphasized : First, discussions 
with regard to the specific initial infection rest on very uncertain data; 
second, the most logical assumption or postulate is that a number of 
organisms may be involved, not the same in different cases, and third, 
since the clinical abscess I'cpresents an advanced stage, heavily infested 
with secondary invaders, it is probable that the original infecting agent 
has no clinical significance. 

^Ahth regard to the third bacteriologic question, concerning the rela- 
tionship of the clinical development of pulmonary abscess to the bac- 
teriology, it is likely that much more will be said in the next few years. 
It is clear that the unsolved clinical questions are numerous. The most 
casual bacteriologic study reveals that the bacteriology of the disease is 
very complex. At the present time, most of the studies made have been 
unilateral, with little attempt to correlate specifically the actual flora of 
the abscess with the actual clinical progress. The status of the bacterio- 
logic questions will 'be clarified by a specific consideration of some of 
the leading organisms. 

The organisms most frequently discussed are Plaut- Vincent’s organ- 
isms, the fusiform bacillus and the associated spirochetes. Smith, ^ whose 
work has been considerable, adds to these as usually present vibrio forms 
and cocci. Varney makes quite a bit of the black pigment-producing 
anaerobe which, when sought, is frequently encountered. Ermatinger,“ 
in 1928, segregated the cases studied into those of pulmonar}' abscess, 
bronchiectatic abscess and bronchiectasis. Hemolytic stapylococci 
were most commonly found, organisms of the genus Neisseria next, 
and commonly hemolytic streptococci. Pneumococci, Friedlander’s 
bacillus, diphtheroid types, Proteus and others were noted. Cohen ® 

9. Ermatinger, L. H. : Microorganisms of Lung .A^bscess and Bronchiectasis, 
J. Infect. Dis. 43:391 (Nov.) 1928. 
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called aUcnlion to a group of anaerobes described in connection with 
pulmonary gangrene in 1898, Ilacillus raiuosus, Bacillus furcosus, Bacil- 
lus thctoidcs and others which, as he correctly stated, have been ignored 
in the literature for some years. It is obvious from these and other 
studies that there may he found in specimens from pulmonary abscess 
rods, cocci and si)irochctcs, both aerobic and anaerobic. To list all the 
organisms ihcii have been found would he beside the purpose, and it 
would be an injustice to those organisms that have not been identified. 
Importance is, for example, attached to members of the genus Lepto- 
thrix by some. A case recently encountered in San Francisco yielded 
a number of Pseudomonas pyoc 3 ’anca, very libel}' of significance in the 
case, but rarely noted in other cases. 

Considerable care is needed in the interpretation of bactcriologic 
results in connection with the specimen examined. Specimens come 
from sputum, from bronchoscopy, from lobectomy, from drainage, and 
so on. Since the flora of the abscess is to some extent duplicated in the 
flora of the buccal cavity, the specimen of sputum is at least confusing. 
A tabulation of the cases studied locally reveals that sputums examined 
yielded consistently greater numbers of organisms wliich may or may 
not have been present in the abscess. The pneumococcus, for example, 
based on comparison of the type of specimen examined, would seem to 
come from the buccal cavity in many of the cases in which it is found. 

Passing on to the present status and the possible role of specific 
organisms, the fusiform bacillus and the spirochetes are frequently 
mentioned. 

The status of the fusiform bacillus is somewhat as follows; ICnorr,’^® 
Krumwiede and Pratt,^’- Tunnicliff^- and many others have cultivated 
fusiform bacilli. Those who have studied these organisms as such 
agree that there are three or more types. However, the types are usu- 
ally noted on simple morphologic grounds, a basis of differentiation that 
is notoriously unsatisfactory. Those who have made intimate morpho- 
logic studies go so far as to claim that giant cocci or spirilla may arise 
from fusiform rods.^® One does not have to accept or to deny these 
radical conceptions to acknowledge the paucity of information regarding 
the organisms, or the necessity for having a reasonably firm background 
before attempting correlation with the pulmonary abscess. From the 
standpoint of comparative pathology, one may say that the organisms 
are often encountered in the mouth, ordinarily associated with gangre- 

10. Knorr, M.: Centralbl. f. Bakt. (Abt. 1) 87:536, 1921-1922; 89:4, 1922- 
1923. 

11. Krumwiede, C, and Pratt, J.; J. Infect. Dis. 12:199, 1913; 13:438, 1913. 

12. Tunnicliff, R.: J. Infect. Dis. 3:148, 1906. 

13. Mellon, R. R.: J. Bact. 4:505, 1919; New York State J. Med. 20:187. 
1920. 
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nous processes. jNIaterial coiUaitiing the organisms, in assoeiatioii with 
spirochetes and unknown organisms, produces localized abscesses in the 
groins oi guinea-pigs, and has induced pulmonary abscess. This 
knowledge is, however, unproved as to its specific relationships, and it 
seems likely that Cruikshank and Cruikshank “ are correct in saying : 
“It is more probable that B. fusiformis is a secondary invader of tissues 
alread}- diseased or devitalized. There seems little doubt that the organ- 
ism helps to maintain or further the progress of ulcerative and gan- 
grenous conditions.” 

The situation with regard to spirochetes also needs clarification. 
These organisms should not be confused with spirilla, but the literature 
is difficult to interpret on an}' basis other than that of confused terms. 
Spirochetes are wavy filaments, with varying numbers of curves and 
varying helicine morphology, motile and varying in size in defined species. 
The type that is most often associated with fusiform bacilli. Treponema 
vincenti. may or may not be identical with Treponema buccale. Few 
investigators are qualified to make the finer morphologic differentiations 
of the four or five types of oral spirochetes, if indeed such differentiation 
is adequate. Noguchi was well aware of the frequent association of 
spirochetes in pulmonary infection, and he was well qualified to differen- 
tiate type’s of spirochetes, yet his final publication treats the subject as 
being “a very complex one because of the simultaneous presence of all 
of these organisms.” We have thus expert opinion to the effect that 
there are various types of fusiform bacilli and various types of spiro- 
chetes, and to pool them for purposes of simplicity is most certainly 
unscientific. Granting that slow scientific results must, for the moment, 
be passed if a clinical advantage may otherwise be gained, it must still 
be shown, in those cases in which these organisms are found, either 
fusiform bacilli or spirochetes or both, that the organisms as a group 
are all invasive in gangrenous processes. Much more might be said 
about the spirochetes, and their relationship to fusiform bacilli, but let 
us consider another type of organism. 

Diphtheroids are very frequently encountered in specimens from 
pulmonary abscess. To the uninitiated, this might seem significant. 
Diphtheroids, however, have no bacteriologic status whatever, and cer- 
tainly no clinical status. They are usually differentiated morphologically, 
and the criteria differ, depending on the examiner. If one is to believe 
the present concepts of pleomorphism of bacteria, diphtheroids have 
been produced from tubercle bacilli, and they have been produced from 

14. Cruikshank and Cruikshank, in Bensted, H. J., and others ; A System of 
Bacteriology in Relation to Medicine, London, His Majesty’s Stationery Office, 
1929, yol. 8. 

15. Noguchi, H., in Jordan, E. O., and Falk, I. S. ; Newer Knowledge of 
Bacteriology and Immunology, Chicago, UniyersiW of Chicago Press, 1928. 
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.''•(reptococci. In the of prc‘5fn( kiiowicd^c. it is as ioi'ical to siij)- 
l)oso, jicrhaps. that the (lijilitheroids of ihi; abscess arc variants from 
other orij.'inisnis as that they constitute a specific j,M'onp with specific 
]n-opcrties. Aiul, if the latter more conservative view is held, what are 
those ]>ro])erties ? 

Ao signilicnnee is ttsnalK' attached to organisms of the }(emis A'cis- 
seria, tliose ijram-netjative diplococci common to the nose and throat and 
frequently noted in pulmonary abscess, 'J'hese organisms have specific 
cliaracleristics, and may he cultivated. ;ind the probability is that the 
environment of the abscess is favorable to their existence ns commensals. 

All types of streptococci have, at some time or other, been noted in 
pulmonary abscesses, speaking in general terms. The order of fre- 
quency is not certain, but the nonhemolytic ty])e seems to head the list. 
That strej)tococci growing anaerobically are encountered is stated in 
various reports, and they were noted in local specimens. The evidence 
that these organisms are purely anaerobic is not convincing. Further- 
more. the literature concerning them makes it imj^ossible to state that 
there is a grouj) of anaerobic streptococci which arc purely anaerobic 
and which, hence, might be endowed with special capabilities in the pro- 
duction of necrotic processes. 

One might expect the most significant organisms to be of the anaer- 
obic types. In this field, only one of the Clostridium group, Cl. coch- 
learium, has apparently been recorded,® A’^one of this group was found 
in local specimens, and Cohen found this one but once. Thus one may 
apparenty rule out for the most part those anaerobes encountered in gas 
gangrene and similar infections. The black pigment-producing organism 
is relatively new, and its pathogenic role is uncertain. The work of 
Goldman, in connection with local cases, confirms the reports, first, that 
the organism is common in specimens from pulmonar}'^ abscess, and 
second that it is dififievdt to isolate, although cultivation is relatively 
simple. This makes clear the reasons for the slow progress in assigning 
a definite role to the organism in the pathogenesis of infection, for, if 
active at all, it presumabl)'^ requires association with other organisms, 
notably cocci. The anaerobes noted by Cohen, apparently not consid- 
ered to date b)'^ anyone else, were not found regularly by him. It is quite 
possible that one or more of them might be present in a significant num- 
ber of cases, and that this occurrence might have clinical weight. Pul- 
monary abscess is, in a sense, localized gangrene. It is accompanied by 
those signs which one associates with anaerobic organisms. That these 
organisms, vastly different in any characteristic that one might name 
except oxygen requirements, may be particularly important is claimed 
by some ; but there seems to be little thus far to substantiate the hypothe- 
sis that this broad generalization necessarily obtains in pulmonary 
abscess, at least. 
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These brief sketches leave many stones unturned. Gram-negative 
rods, sometimes identified as B. coli or P. vulgaris, are not uncommon in 
specimens studied. King and Morgan,’" two years ago, described a case 
in which Proteus was apiiarcntly responsible for multiple pulmonary, 
abscesses. Pfeiffer’s bacillus and Friedlander’s bacillus,’" and others 
encountered occasionally, are organisms known to have pathogenic sig- 
nificance under proper circumstances. The filamentous organisms, bor- 
dering on Actinomyces in type, constitute a group concerning which 
little is known fundamentally. Definite fungi and even amebas no 
doubt account for rare abscesses, but it seems probable that these cases 
would have recognized features. 

"I'he demonstration of the clinical development of a case as correlated 
with the bacteriology is not 3’et possible. One author stated that a 
more acute disease might possibly be expected in the presence of con- 
siderable numbers of streptococci. An analysis of the cases studied in 
San Francisco to date indicates that, in several cases, marked clinical 
differences ma)- be associated with bacteriologic differences. What these 
differences are onl}- further stud}' will tell. Whether they will correlate 
with clinical development is also still an open question. 

To define the possible approaches to a study of this nature would 
take as long as a comprehensive discussion of all the organisms involved, 
and not because the story would be the same. All sorts of schemes 
have been suggested — skin tests, phagocytic tests, serologic examination, 
blood cultures, innumerable experimental tests, and so on. No one 
knows what might be revealed, but in such a problem it is essential that 
one stand squarely. Many studies reveal a tendency to attempt to jump 
a fearful number of hurdles in the chance that one might, after all, cross 
the tape unscathed at the other end. The answer to so complicated an 
infection as pulmonary abscess is probably twenty years off rather than 
two, at least so far as the bacteriology is concerned. 

By way of a summary, hope is expressed that two points may at 
least stand out. It is hoped that pulmonary abscess may be bacteriolog- 
ically pictured as originating from an uncertain agent but ending in the 
clinical picture that includes a terrific secondary invasion of numbers 
of organisms of various and numerous types. And it is further hoped 
that surgeons may gain some slight insight into the bacteriologic ques- 
tions per se that are involved. These questions are related directly to 
the clinical questions, could a reciprocal point of view but be obtained. 
It may perhaps be granted that an excellent clinician may have lost touch 

16. King, M. J., and Morgan, R. H. : .Am. Rev. Tuberc. 19:182, 1929. 

17. Graham, E. A.: S. Clin. North America 2:1501, 1922. 

18. Cabbe, M. : Bull, et mem. Soc. med. d. hop. de Paris 54:373, 1930. 

19. Bucher, C. I.: Am. J. M. Sc. 179:406, 1930. 
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with nnich in l).'ictcrif)I(,>,t,'v. niul it will prohahly he rcarlily f,'ranted tliat 
the hacteriologist tiiuhs it dilhcnlt to f^cl a clinical point of view. Be that 
as it may, the problem is objective, not .subjective; it itivnlvcs both good 
clinical work and i^nod bacteriolog’y. 

The authors are indebted to the clinical and bacteriologic members 
of the local group engaged in this problem. The entire group owes a 
great deal to Dr. Selling Brill, wlio.se activity and enthusiasm was 
responsible for the organization of tbe study, and whose untimely death, 
in January, 1932, is a loss to the group and to the surgical profession. 
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in. ixciu:.\SED acid secretion in a transplanted gastric 

POUCH DURING LACTATION 
EUGENE KLEIN, M.D. 

XEW YORK 

In four dogs with transplanted gastric pouches unusual phenomena 
were observed during lactation. The preparation and character of these 
pouches have been described in detail in two previous papers.^ In brief, 
the operation was done in two stages. In the first, a portion of the bod}' 
along the greater curvature was cut awa}' from the stomach and then 
sutured to form a pouch. This pouch was transplanted to a space in 
the subcutaneous tissues. The gastric blood suppl}"^ to the pouch was 
left intact. At a second operation from three weeks to several months 
later, these vessels were severed, leaving the pouch dependent on a new 
blood suppty from the abdominal wall. A second type of pouch con- 
sisted only of mucous membrane and submucosa, the muscular coats, 
including the plexus of Auerbach, having been removed. The secretion 
of these pouches has already been reported in the papers mentioned.^ 

In the four dogs described in this paper, the first two had pouches 
of the first type. In the third, a pouch of the first type was prepared, 
but the second stage had not been performed when the dog gave birth 
to puppies. The gastric blood supply was therefore intact during lac- 
tation. In the fourth dog, a pouch of the second type was prepared. 

In the first dog, L., the pouch was prepared on April 9, 1928, and 
tests for secretion showed results similar to those already reported. 
The second stage of the operation, that is, the severing of the gastric 
blood vessels, had not yet been performed when, five weeks after the 
first stage, I left on my vacation. On my return, I found that the pouch 
had turned itself inside out through its opening, and that there was on 
the abdominal wall a protruding mass covered with mucous membrane. 
At an operation three months after the first procedure, the mass was 
reinverted and the pouch reestablished. It was placed in a space in the 
subcutaneous tissues. A small opening was left to form a fistula for 

From the Surgical Service of Dr. A. A. Berg and from the Laboratorj- of the 
Mount Sinai Hospital. 

1. (a) Klein, E., and Arnheim, E. : Gastric Secretion: I. A Transplanted 
Subcutaneous Gastric Pouch, Arch. Surg. 25:433 (Sept.) 1932. (b) Klein, E. : 

Gastric Secretion: II. Studies in a Transplanted Gastric Pouch Without Auer- 
bach’s Plexus, ibid. 25:442 (Sept.) 1932. 
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the collcclion of yasti'ic juice. * *J”liis fistula clo.scd .sjjonl.ancoiisly, and 
very little secretion could lie obtained from the pouch. It would slowly 
fill up and form a mass under the skin the size of a stnail cf^g. On 
puncture al)oul every three weeks, a tliick mucus with no acid was 
obtained. ] he dog then became pregnant. No change was noted 
during pregnancy, bour months after the second operation, six puppies 
were born. Three days later the pouch opened spontancouslv, and a 
small erosion of the .skin formed at the mouth of the fistula. One week 
after the pu]:)]M"cs were born, free acid could be demonstrated following 
the feeding of meat (table 1). The erosion and the fistula gradually 
increased in size and reached their maximum from four to five weeks 
after parturition, when the erosion was about 4 by 5 cm. in area and 
from 1.5 to 2 cm. deep. A test (table 1) made at this time (Dec. IS, 

Table 1. — Doff L., ivilh Transplanted Subcutaneous Gastric Pouch. Fed 200 Gut. 
of Meat at the Peginning of the First Hour* 


Voluiiip of Tree Hydro- Total 

Hour .lulce, Cc. elilortc Add Add 

n'20/2S— One Week After Parturition 
1 0.1 

2 0.0 SO S'J 

3 1.0 25 SO 

i 0,S 10 SS 

12/1S/2S— Durinff Lactation, About Tour Weeks After Parturition 

1 2.2 SS 103 

2 1.3 85 100 

3 1.4 • S2 03 

4 1.1 IT 86 


* Gastric juice collected each hour from the fistula. In this and in all the succeeding tests 
free and total acid were determined by titration against tenth-normal sodium hydroxide with 
Toepfer’s reagent and with phcnolplitlialein. 


1928) with 200 Gm. of meat showed that the quantity of secretion had 
increased and that the free acid was marked!}" increased. The quanti- 
ties of secretion varied in the succeeding tests, but remained around 
this level for about four weeks (about two months after parturition) 
and then diminished, although the free acid did not again disappear. 
The erosion progressively diminished in size, and three months after 
the puppies were born it was healed. The fistula, however, remained 
open. 

The striking points observed were : 

1. The reappearance during lactation of free acid secretion in a 
pouch that had. been secreting only small quantities of mucus during 
pregnancy and before that time. 

2. The digestion of the skin and subcutaneous tissues over a very 
wide area, even though the secretion was small in quantity. 

3. The healing of the erosion at the end of lactation. 
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4. The drop in the quantity and acidity of the secretion after the 
end of lactation, altiioiigh the sac did not revert to its old state. 
Secretion of free acid persisted. 

In a second dog, F., in which a similar subcutaneous gastric pouch 
had been prepared (Jan. 8, 1929), the secretion had markedly dimin- 
ished after the second stage of the operation, which consisted in sever- 
ing the gastric blood vessels. It was then noted that the dog was 
pregnant. During the pregnancy there was no apparent increase in the 
secretion, as is shown in table 2 (March 19), taken nine days before 
the birth of seven puppies. 

During pregnane}' there had been no erosion around the mouth of 
the fistula. During lactation erosion began to take place, so that four 
weeks later there was extensive digestion of the skin and subcutaneous 
tissues over an area 5 by 7 cm. The results of a test for secretion done 

Table 2, — Dog F., with Transplanted Subcutaneous Gastric Pouch. Fed 200 Gm. 
of Meat at the Beginning of the First Hour 


Volume o£ Free Hydro- Total 

Hour Juiee, Cc. chlorie Acid Acid 

3/19/2!>— Xine Days Belorc Birth o£ Puppies 

1 0.2 0 

2 0.2 0 

3 0.2 Trace 

4 0.4 23 50 

4/25/29— During Lactation, About Four Weeks After Parturition 

1 1.0 SO 70 

2 1.5 53 86 

3 1.0 70 100 

4 0.7 57 85 


at this time are shown in table 2 (April 25). This table shows a fairly 
marked increase in the secretion and a decided increase in the free acid 
and total acid. The secretion gradually subsided, so that two months 
later it was down to the level it had been before lactation and the erosion 
had healed. The same phenomena were repeated in two subsequent 
pregnancies and lactations. 

The third dog, N., was operated on April 16, 1929. A gastric pouch 
containing all the coats was transplanted into the subcutaneous tissues 
of the abdominal wall. On May 13, a test for secretion showed the 
results presented in table 3. At this time the original gastric vessels to 
the pouch had not yet been severed. On May 25, five puppies were 
born. A test on June 5 gave the results presented in table 3. The 
amount of the secretion and the acidity are markedly increased. The 
erosion around the opening of the fistula became very pronounced, just 
as in the first two dogs. On August 14, a little over two and one-half 
months after the puppies were born, the secretion had dropped to the 
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liguvos shown in tnhle o, and the erosion was practicalh’ healed. Tlie 
important point to renieinhcr in this doi^ is that the gastric blood supply 
had not been severed at the time of lactation. 

In the fourth dog, Ih, on Oct. 10, 1930. a transplanted pouch was 
])rcparcd from inucons membrane and submucosa. This pouch was also 
made from the body of the stomach, but the wall of the jiouch consisted 
of the mucous membrane and subinucosa only. It was the first time an 
attempt was made to prepare this kind of a pouch, and perhaps the 
technic was not as good as that later developed. At any rate, the pouch 
gave very little secretion, 'i he secretion consisted chiefly of mucus, 
but free hydrochloric acid could l)e demonstrated in it b}' Congo paper. 
The quantities were so small that adequate tests could not be performed. 


T.-Mii-E 0 . — Dot! ,V.. Transl’Iaiitcil Subculaiicoiis Gastric Pouch. Fed 200 Gut. 
of Meat at the Begiumug of the First Hour. Gastric Vessels 
to This Pouch Intact 


Volume ol Tree Hydro- Totid 

Hour .Tulcc, Cc. chloric Acid Acid 

.’5/1S/29— Twelve D.-iy.e Before the Birth of Puppies 

1 2.3 C3 104 

2 .3.9 S' ISj 

3 3.C 9C 115 

4 4.3 313 332 

C/5/29— Diirinfr Juictntlon, laevcn Days After Parturition 

1 4.5 104 122 

2 S.O i:S 130 

3 9.7 330 144 

4 8.5 140 35S 

8/14/29 — About Two and Onc-Hulf Months After Parturition 
1 0.2 

2 3.4 SC 102 

3 2.8 72 94 

4 4.0 'SO SO 

s’ 3.5 SS 104 


On December 26, four puppies were born. The puppies died soon after 
birth, so that there was no period of lactation. The quantities of secre- 
tion in the pouch did not increase, nor did any erosion appear around 
the fistula. On Jan. 9, 1931, the vessels to the pouch were cut, leaving 
it dependent on the abdominal wall for blood supply. The pouch secreted 
only a little mucus, and the opening was frequently dilated, but it often 
closed in spite of this. On June 6, during a state of pregnancy, the 
pouch was incised (the opening had closed) and found to contain mucus 
with free hydrochloric acid (35 cc. of tenth-normal solution). On June 
23, a test for secretion was performed (table 4). This was the first 
time that enough secretion followed the ingestion of food to permit a 
consecutive test. Three days later five puppies were born. On July 5. 
the skin began to break down around the fistula. By July 15, the 
digested area was 4 by 6 cm. and extended through the skin and sub- 
cutaneous tissues. A test was done on July 2, one week after partun- 



JaJlIX— GASTRIC SECRETION 


239 


lion (tabic 4). It sliowcd a marked increase in secretion and an increase 
in concentration of tlic free and total acid. On August 13, the free 
acid had disappeared (table 4) and the quantit)’^ had diminished. The 
erosion was healed. 

The important points arc : 

1. No increase of secretion during the first pregnancy and after it. 
There was no period of lactation owing to the death of the puppies. 

2. Secretion in measurable amounts starting near the end of the 
second pregnancy. It had been present only in exceedingly small 
amounts before. 

Table 4. — Dog B., zeith Transplanted Subcnianeons Gastric Ponch Consisting of 
Mneons Membrane and Snbmneosa. Fed 200 Gm. of Meat at the End 

of the First Hour 


Volume of Free Hydro- Total Total 

Hour Juice, Cc. chloric Acid Acid Chlorides 

C/23/31— Tlirce Days Before Birth of Puppies 

1 0.2 20 D3 

Fed 200 Gm. of meat 

2 0.7 35 85 144 

3 O.C 25 00 

4 : 0.4 13 60 148 

3 0.6 25 65 

7/2/31— During Lactation, One Week After Parturition, Shotrs Marked 
Increase of Secretion 

1 0.7 0 80 

Fed 200 Gm. of moat 

2 2.0 50 80 146 

3 2.4 60 90 144 

4 0.7 70 90 

5 1.9 60 85 148 

6 2.3 70 95 146 

S/13/31 — Six and One-Half Weeks After Birth of Puppies 

1 0 

Fed 200 Gm. of meat 

2 0.45 0 45 

3 0.75 0 50 

4 0.60 0 60 

5 0.30 0 50 

6 0.25 0 53 


3. A marked increase of secretion during the lactation following the 
second pregnancy, both in quantity and in concentration of free and 
total acid. 

4. During lactation, the appearance, for the first time, of erosion 
of the skin and subcutaneous tissues around the mouth of the fistula. 

5. After lactation, the disappearance of the response of free acid to 
food and the healing of the erosion. 

COMMENT 

The striking facts are: (1) the appearance of gastric secretion in 
transplanted pouches during lactation and (2) the marked erosion of 
the abdominal wall and the opening of the fistula. 
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'J he . Il'l'eivaiice of Acid Secretion Jhiriiu/ Lactation . — In the first 
doi,' tliLM-o was no secretion until lactation started. In the second and 
third doi^.s, secretion was present before and dnrinj^ pregnancy, hut a 
marked increase ot secretion took place only fhtring’ lactation. In the 
second do!^ the same phenomena occurred dnriiif^ three j)eriods of lacta- 
tion. In the lonrth doj,' secretion hei^an near the very end of pregnancy 
and reached its maxinunn during k'lctation. In a ])revious pregnancy 
followed by death of the puppies there had been no lactation and no 
increase of secretion. In the fourth dog too the transj)Ianted pouch con- 
sisted of mucous membrane and submucosa only. 

Ivy and Farrell,- working with pouches similar to those of the first 
two dogs, reported that tlic secretion during pregnancy and lactation 
was increased 25 per cent. 'J'hc results reported in the foregoing dogs 
dift’er from theirs in that the increased secretion occurred during lac- 
tation. 

This increase of secretion may be explained in two ways. The first 
is the marked dilatation of the blood vessels in the abdominal wall 
accompanying lactation and the resultant increase of the blood supply. 

It has previously been noted that following the second stage of 
the preparation of these pouches there is a drop in the quantity and 
acidity of the secretion. This stage consists, as stated, in section of the 
original gastric blood vessels, leaA'ing the pouch dependent on the 
abdominal wall. The drop in secretion was thought most probably to 
be due to the sudden diminution in the blood supply. It is, of course, 
possible that in the foregoing dogs the opposite condition was present, 
and that the dilatation of the blood vessels of the abdominal wall and 
the increased blood supply permit the increased secretion. However, 
though this occurrence ma}'’ be responsible in part, further consideration 
leads to the -vdew that other factors are involved. 

The literature does not give much information concerning the effect 
of blood supply on gastric secretion. Several years ago, Lim, Ivy and 
McCarthy ® advanced a working hypothesis that gastric secretion was 
dependent on increased blood suppl}^ but this was before they were 
convinced that a humoral stimulant existed for the secondary phase. 
Their results may be explained on the latter basis. 

Some time ago, while seeking a simple method to produce anacidity, 

I experimented with a diminished blood supply to the body and fundus. 

2. Ivy, A. C., and Farrell, J. I. : Contributions to the Physiology of Gastric 
Secretion:’ VIII. Proof of Humoral Mechanism, New Procedure for Study of 
Gastric Physiology, Am. J. Physiol. 74:639, 1925. 

3. Lim, R. K. S.; Ivy, A. C, and McCarthy, 1. E.: Contributions to the 
Physiology’of Gastric Secretion by Local (Mechanical) and Chemical Stimulation, 
Quart, J. Exper. Ph 3 ^siol. 45: 13 and 55, 1925. 
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Tlicpc experiments have not been reported. Tlie idea was to diminish 
hoili the amount of blood wliich carried the necessary materials for the 
])roduction of hydroclilorie acid and, at the saine time, the amount of 
the Immoral stimulant responsible for the second phase of gastric secre- 
tion. The gastric artery, alt the vasa hrevia and the epiploica sinistra 
were tied. Thus the body and fundus could receive blood only through 
the branches anastomosing with the pyloric arteries and the epiploica 
dextra. No gangrene of the wail of the stomach ever followed this 
procedure. Evidently sufficient blood supply to prevent such a sequel 
reached the affected parts through collateral channels. In the tests, the 
gastric contents were aspirated ever}' twenty minutes through a long 
no. 20 French catheter that was inserted into the stomach after feeding 

Table 5. — Gastric Secretion Before and After Ligation of the Gastric Artery, the 
Vasa Brevia and the Epiploica Sinistra’^ 


Time Free Acid Total Acid 

nclore Ligation o£ Vessels 

20 min 0 25 

40 min 0 30 

1 hr 0 43 

1 hr. 20 min 10 55 

1 hr. 40 min 25 75 

2 hr 45 90 

2 hr. 20 min 40 90 

After Ligation of Vessels 

20 min 0 20 

40 min 0 25 

1 hr 0 33 

1 hr. 20 min 0 45 

1 hr. 40 min 25 70 

2 hr 35 SO 

2 hr. 20 min 35 75 


* Secretion tvas obtained by aspirating every twenty minutes through a catheter left in 
place (see text) following a meal of 200 Gm. of meat and 150 cc. of fresh salt-free broth. 


the dogs 200 Gm. of meat and 150 cc. of salt-free fresh broth. The 
catheter was left in situ and brought out through a space between two 
teeth. A specially constructed muzzle prevented the dog from biting 
the catheter. After closure of the blood vessels mentioned, the concen- 
tration of the hydrochloric acid in the stomach was only moderately 
reduced (table 5). If, in addition, the left vagus was cut just below 
the diaphragm, there was a more marked change. Section of both vagi ^ 
and ligature of the vessels usually caused an anacidity (table 6), but 
free hydrochloric acid could occasionally be demonstrated. These tests 
gave information only as to the concentration of acid in the stomach, 
and not as to the actual quantity of the secretion. In all cases (even 
without section of the vagi) there was a tremendous dilatation of the 

4. The purpose of sectioning the vagi was to eliminate the ps 3 ’chic phase in 
addition to the secondarj^ phase, the elimination of which had been attempted bj’ 
the vessel ligation. 
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kiiiy mid limdiis of tiit; .stomach to four or five limes the normal size, 
i heie as also ;i mariced stasis of fofxl, so that rlo^s hilled ci^dit hours 
aftoi .1 meal showed eiiormmis stomachs Jiill of food — much more than 
was t.ikei! at the last meal. It was therefore evident that the method 
was not leasihle clinicaiiy for the lowering of aciditv. 

In summarizing the facts concerning the blood sujijilv, it may be 
said that (1) it is po.ssihle that the increa.sed secretion during Jactation 
is due in part, at any rale, to the increased blood supply, but that (2) 
no definite c.'c{)crimcntal c\’idence has been found that increased circu- 


I .Mii.r. (5. Gastric Secretion Before and After Intra-Abdominal Section of Both 
barn at Level of Dtaphrarjin and Ligation of the Gastric Arlcrv, 
the J'asa Brevia and the llpiploica Sinistra* 


„„ rroc Totnl Total 

Acid Acid Pcpflnf Cbloildcsi 

Jloforc Section of Vnf:J and I.frndon of Vessels 
CO min 0 CO 

40 min 0 S." C4 iiO 

I hr 0 CO 

1 hr. 20 min : 0 so 

1 hr. 40 min o .10 lOO IJJ 

2 hr SO 

2 hr. 20 min ro 310 

2 hr. 40 min 40 00 144 l.'C 

3 hr .OO 300 

3 hr. 20 min SO 310 2SS 35S 

After Section of Vnpl and Ltentlon of Vessels 

20 min .0 30 04 

40 min 0 30 ... 142 

ihr 0 20 

1 hr, 20 min 0 2.") 300 142 

Ihr. 40 min 0 20 

2 hr 0 20 200 140 

2 hr. 20 min 0 25 

2 hr. 40 min 0 20 22S 14S 

3 hr 0 25 


* Secretion tvas obtained by aspirating every twenty minutes through a catheter left in 
place (see text) following a meal of 200 Gm. of meat and 150 cc. of fresh salt-free broth. 

t Pepsin is expressed in Mett units. Total chlorides are expressed as cubic centimeters 
of tenth-normal solution. 


lation pi'oduces such an effect and that (3) markedly diminishing the 
blood supply of the whole stomach only moderately affects the secretion. 

Much experience with normal and pathologic gastric secretion has 
left the feeling that the so-called primary and secondary phases as they 
are known may not, tell the whole story of the secretion. For instance, 
removal of even three fourths of the stomach, especially in intractable 
cases of ulcer, can still leave the patient wdtli hyperacidity, although in 
the large majority of cases a hypo-acidity or an anacidity is produced. 
Some variation exists in the secreting'mechanism of these persons. ^ Any 
facts, therefore, suggesting leads as to further possible factors influ- 
encing secretion deserve careful consideration. For that reason due 
weight has been given the hypothesis that an increased blood supply 
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inav be rcsiionsil)le tor the foregoing phenomena. Yet this explanation 
does not ,'iecm to he entirely adeqn.'ite, and one is justified in seeking an 
additional cause. 

One would naturally turn next to the state of lactation itself. There 
are two sets of observations that prompt one to do this. In the first 
place, in the third dog the pouch was still supplied by its normal gastric 
vessels and was not dependent on the abdominal wall for its blood sup- 
ply. It is unlikely that these gastric vessels supplied moi'c blood during 
lactation. But, of course, it may still he argued that the blood vessels 
of the abdominal wall dilated and thus furnished additional blood. This 
seems less likel}' in view of the finding of Hollander,” who had a dog 
with a Pavlov pouch in which he noticed that the secretion increased 
onljf during lactation and not during pregnancy. Pavlov pouches are 
intra-abdominal, and the normal gastric blood and nerve supply are not 
disturbed. It is difficult to see how an increased blood supply. could 
have operated in this case. One is further justified in concluding that 
the responsible factors for this increase of secretion act through the 
blood stream, as the transplanted pouch in the fourth dog consisted only 
of mucous membrane and submucosa. All the gastric blood supply, the 
vagus, the sympathetics and the intrinsic myenteric plexus had been 
eliminated. Only blood vessels of the peripheral abdominal wall sup- 
plied it. 

Though one is apparently justified, then, in seeking an additional 
cause, in the present state of knowledge it is hard to say what factors 
associated with lactation may be responsible for the increase of gastric 
secretion. One naturally turns to the cause of lactation. Corner ® has 
recently contributed evidence to show that this is due to a secretion from 
the anterior pituitary gland. No facts are as yet available to show 
whether the latter influences gastric secretion. The work of Cushing ' 
showing the stimulating effects of posterior pituitary extract on the 
vagus system should also be mentioned. Whether during lactation an 
increase of the posterior pituitary secretion accompanies the increased 
anterior pituitary secretion has also not been investigated. Both these 
problems deserve careful study. But regardless of whether the pituitary 
or some other cause is responsible, it seems quite definite that some 
condition accompanying lactation has increased the secretion in these 
dogs, and when it is realized that this secretion is accompanied by the 
marked erosion to be preseirtly discussed, it assumes greater significance. 

5. Hollander, F. : Gastric Hypersecretion Following Parturition in a Dog, 
Proc. Soc. Exper. Biol. & Med. 27:303, 1930. 

6. Corner, G. W. : Hormonal Control of Lactation, Am. J. P]] 3 -sioI. 95:43 
1930. 

7. Cushing, H. : I. The Reaction to Posterior Pituitary Extract (Pituitrin) 
When Introduced into the Cerebral Ventricles, Proc. Hat. Acad. Sc. 17:163, 1931. 
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The Marked Jirosioii of the Fistula and the Abdominal lVall.~Thc 
sccoikI i;(ril<i(ifr jidiiit noU-d about (he ]>oiiclios was tfie marked erosion 
of (he abdominal wall (hat occurred around (he fisttda duriujj lactation. 
J he secretion, as sliown in (he tests, was certainly not profuse, hut the 
ciosion was more extensive than is usually seen in activelv secreting 
I’avlov pouches in which (he response (o a meal is from 5 (o S cc. per 
hour. In these jiouchcs it was from 0.3 to 1 cc. per hour. The two 
possible explanations that in'esent themselves are that (I) the juice, 
though small in quantity, was of a greater digestive jiowcr than normal 
and (2) the tissues of the abdominal wall were less resistant to the 
digestive factors in (he juice. 

Unfortunately the quantities of the secretion were so small that ade- 
quate determinations of pepsin could not be made. But in the tests that 
were performed by the Mctt method in the third dog, there did not 
appear to be an excessive amount of pepsin. 

Ihe second possibility, as before mentioned, is that there is a dimin- 
ished resistance to the digestive juice. A consideration of this question 
involves, of course, a discussion of the resistance of living cells to fer- 
ments. A ver}’’ extensive literature exists on this subject,® and it chiefly 
revolves about the question of antiferment. Whether or not in the fore- 
going experiments there existed a diminution of antiferments in the tis- 
sues of the abdominal wall cannot be stated at present. 

However, whichever of these two factors may be the significant one, 
it seems quite definite that an imbalance existed, and the potency of a 
small amount of gastric juice in creating the severe digestive erosions 
was very striking. It may incidentally be recalled what marked ■^'aria- 
tions exist in persons in the amount of erosion present around a gastric 
fistula. 

The role of gastritis as a precursor of ulcer has recently been widely 
discussed (Konjetzny). Some observers think that acid and pepsin are 
important elements in the production of gastritis. In patients in whom 
it develops, some such imbalance may be responsible. 

The observation, then, that increased secretion takes place in trans- 
planted gastric pouches during lactation and that the resultant juice 
possesses a greater than normal digestive power toward the tissues of 
the abdominal wall of the same animal may be of clinical importance. 
Further lines of investigation of the subject are readily suggested, as 
indicated. 


8. Some of the more important recent articles are: Dragstedt, L. R., and 
Vau<^hn A. M. : Gastric Ulcer Studies, Arch. Surg. 8:791 (May) 1924. Neche- 
les H •’ Ling, J., and Fernando, F. : The Fate of Organs Transplanted into the 
Duodenum, Am. J. Physiol. 79:1, 1926. Necheles, H and Fernando F.: The 
Role of Trypsin and Anti-Trypsin, Am. J. Physiol. 79:9, 1925. Takats, G, 
and Mann F. C. : The Effect on the Jejunal Mucosa of Transplantation to the 
Lesser Curvature of the Stomach, Ann. Surg. 85:698, 19-7. 
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Sl;^^MARY AND CONCLUSIONS 

1. In gaslric pouches transplanlccl to the suheutaneous tissues of the 
ahcloiuinal wall and comiiletely separated front tlie old blood and nerve 
supply tltere was au increase of the quantity of secretion and of the 
concentration of hydrochloric acid during lactation. This was repeat- 
edly observed. 

2. When no secretion was present prior to lactation, it first appeared 
during that time. 

3. In one case in which all the puppies died and there was no period 
of lactation, no increased secretion was observed. 

4. Accompanying this increased secretion was a marked erosion of 
the abdominal wall around the opening of the pouch that was entirely 
out of proportion to the quantit)' of the secretion. 

5. The possibility is discussed that the dilatation of the blood vessels 
in the abdominal wall during lactation is responsible for these phenom- 
ena by increasing the circulation. After a consideration of the factors, 
including experiments on diminishing the blood supply, the conclusion 
is reached that though a vascular supply may in part be responsible, 
other factors also play a role. 

6. That these other factors are associated with the state of lactation 
itself is rendered probable, as the same phenomena were also observed 
when the original gastric blood supply was intact and when the blood 
supply of the abdominal wall was not concerned. 

7. The causative factor for the increased secretion is at least partly 
humoral, since in one dog the transplanted pouch consisted onty of 
mucous membrane and submucosa completel}' severed from the stomach. 
The vagus, the sympathetics, the gastric blood vessels and the myenteric 
plexus were eliminated. 
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n. JIIK I'.M'IXr 01' ATKOriNIC ON THK SliCKIVl'IDN OI' THANSl’I-AXTED 

GASTKIC rOUCHKS 

KUCiEKE KLEIN, M.D. 

NIAV VOIIK 

A perusal of the results obtauiccl by the clinical and experimental 
use of atropine on gastric secretion is bewildering. In part, this is due 
to the facts that (1) difTerent sorts of stimuli arc used to induce secre- 
tion (various kinds of test meals, alcohol, histamine) and that these 
stimuli var}’’ tiot only in qualit}' but in quantit\’, (2) that the amounts of 
atropine used to inhibit the secretion vary and (3) that the atropine is 
administered in different wa 3 's, for instance, b}' mouth or subcutaneously'. 
Nevertheless, the impression is gained that the foregoing variables alone 
do not account for the diversity of results. 

The commonly accepted classification of gastric secretion is: (1) the 
primary or cephalic, (2) the secondary or gastric and (3) the intestinal.’ 

The primar}' phase is reflex, and the impulse is transmitted to the 
stomach over the vagi following the seeing, smelling, tasting or chewing 
of food. Since atropine depresses the parasympathetic system, one 
would expect it to depress or inhibit completely' this primary' phase. That 
this is true in dogs was demonstrated by Uschakow.^ 

What atropine does to the secondary' or gastric phase of secretion is, 
however, not so clear. This phase follows the entrance of food into the 
stomach and is due to chemical stimulation acting on the antrum or the 
distal portion of the stomach. . Either the chemical stimuli (secreto- 
gogues) are directly' absorbed into the blood stream through the antrum, 
or a hormone is formed in the antrum and carried to the glands of the 
body and fundus.^ The latter view is the more prevalent. The vagi also 
seem to be concerned in the mechanism of this phase (Orbeli®), for 
after their section the secretion is diminished. 

From the Surgical Service of Dr. A. A. Berg and from the Laborator 3 ' of the 
Mount Sinai Hospital. 

1. Uschakow: Diss., St. Petersburg, p. 20; quoted by Babkin, B. P. : Die 
aussere Sekretion der ’Ferdauungsdrusen, Berlin, Julius Springer, 1928, p. 398. 

2. For a summary of the subject, see hy, A. C. : The Role of Hormones in 
Digestion, Physiol. Rev. 10:282, 1930. 

3. Orbeli, L. A. : De I’activite de glandes a pepsine avant et apres la section 
des nerfs pneumogastriques, Arch, di sc. biol. 12:71, 1906. 
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Tlic third ]diasc is the intestinal. It, too, is due to chemical stimuli, 
either directly altsorhed into the blood stream or first causing a hormone 
to he formed. 'I'his phase is inhibited by atropine (Ivy, Lim and 
McCarthy ^). 

The e-xperiments to be reported here are chiefly concerned with the 
effect of atropine on the secondary or chemical phase. As some of the 
studies were on dogs with Pavlov pouches, however, observations on 
tlie primary phases are also included. 

METHODS 

Three types of dogs were used: 

1. Two dogs with the usual P.avlov pouches (fig. 1). These pouches are sup- 
plied by both vagus and sympathetic nerves and by the normal blood supply. They 
arc supposed to mirror accurately the secretory conditions in the whole stomach. 



Fig. 1. — Pavlov pouch. Blood vessels and nerves intact. Only mucous mem- 
brane divides pouch lumen from stomach. The pouch is indicated by p; the 
abdominal wall by a, and fistula of pouch by /. 

2. A dog with a Haidenhain pouch (fig. 2). This t 3 fpe of pouch is entirelj' 
separated from the stomach and is believed to have no vagus innervation. It is 
possible that sympathetic nerves still reach it along the blood vessels. 

3. Four dogs with transplanted subcutaneous gastric pouches (fig. 3) prepared 
only from the mucous membrane and submucosa of the body and fundus (Klein °). 
In these pouches the vagi, the sympathetics and the myenteric (Auerbach’s) plexus 
are eliminated. The 3 ' are dependent for their blood suppl 3 ' on the abdominal wall 
and have no other communication with the gastric blood supph'. In one of the 
dogs of this group, however, the original blood suppl 3 ' was left intact. 

4. Iv 3 ', A. C. ; Lim, R. K. S., and McCarth 3 ', J. B. : The Intestinal Phase of 
Gastric Secretion, Quart. J. Exper. Ph 3 ’siol. 15:55, 1925. 

5. Klein, E. : Gastric Secretion: II. A Transplanted Subcutaneous Gastric 
Pouch Without Auerbach’s Plexus, Arch. Surg. 25:442 (Sept.) 1932. 
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_ In tin- (ir>t type nf (!,,« |,nt|i t.rini;iry or .-iikI .•.ccntidnry or Immoral phases 

ol secretion were iiresent. hi the third type, only Immoral secretory stinnili reached 
the pouch, ;ind atropme was therefore necessarily limited in its effect on stimuli 
earned thronyh the hlood stream. The possible sites for its action were further 
narrowed hy the rcimn-al of the myenteric jilexiis. 

In the majority of tests J my. of atropine was injected siihcntaneonsly. This 
dose was used hccatise it pave definite evidence', of (ihy.siolopic effect and was 
never toxic. Keeton. I.nchhardt and Koch'’- had re/iortcd that thev could con- 



Fig. 2 . — Haidenhain pouch. Vagi severed. Some sympathetic nerves enter with 
blood vessels, which are left intact. 



Fig. 3. — Transplanted subcutaneous pouch. Gastric blood vessels, vagi and 
sympathetic nerves completely severed. Myenteric plexus removed. Pouch walls 
consist of mucous membrane and submucosa. 

stantly produce an anacidity in dogs with the same dose. They used it intramuscu- 
larly. The dogs all weighed from 10 to 12 Kg. The injection was usually given 
after an hour of control observation and was then followed fifteen minutes later 

6 Keeton, R. W.; Luckhardt, A. B., and Koch, F. C.: Gastrin Studies: 
Response of the Stomach Mucosa to Food and Gastrin Bodies as Influenced by 
Atrophine, Am. J. Physiol. 51:469, 1920. 
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iiy .1 iiK’.iI of 250 Gill, of meat and 250 cc. of water. Occasionally the atropine 
was piven at the time of the meal or earlier. Secretion was collected from the 
ponchc.s every hour. Free acid was tested by Toepfer solution against tenth-normal 
.'odium hydro.vidc and total acid by phciiolphthalcin. When sufficient secretion was 
present, determinations of pepsin and total chloride were often made. Pepsin was 
determined by Melt tubes after diluting the secretion sixteen times with twentieth- 
normal hydrochloric acid and incubating for twenty-four hours. The results are 
expressed ns units of pepsin determined by squaring the millimeters of pepsin 

T.\nLE 1. — Action of Atropine on Pavlov, Haidenhain and Transplanted Gastric 
Pouches IFithout.a Myenteric Plexus. One Milligram Was Injected Sub- 
cutaneously Fifteen Alinutcs Before a Meal of 250 Gin. of Meat and 
250 Cc. of IVatcr. Control Tests Arc Made Without Atropine 


Volume of Juice, Cc. Free Hvdrochlorlc Acid Total Hydrochloric Acid 

t K 


without 

After 

Without 

After 

Without 

After 

Hour .\tropiuc 

Atropine 

Atropine 

Atropine 

Atropine 

Atropine 

1 O.G 

Dog M.. 

0.9 

with Favlov 

56 

Pouch 

2C 

92 

40 

Ted meat and water 

2 11.0 

0.2 

7$ 

0 

120 

0 

3 t3.u 

0 

3^ 

— 

82 

— 

4 10.2 

0 

40 

— 

86 


3 9.0 

0.4 

SC 

IS 

74 

30 

G 7.2 

O.S 

4G 

IG 

96 

SO 

Doc X., 

with Haidenhain Pouch, 1.5 

i Mg. .Vtropine Used 


Fed meat and water 

1 1.2 

0.2 

7S 

0 

96 

J- 

2 1.4 

0.5 

sc 

0 

102 

c 

3 2.S 

0,7 

72 

0 

94 

s 

4 4.6 

1.2 

80 

Trace 

86 

c 

5 3.5 

2.0 

ss 

S 

104 

10 

Doe A., with Transplanted Gastric Pouch without Myenteric Plexus 

35 

Fed meat and water 

2 2.2 

0 7 

OJ 

0 

75 

35 

3 3.5 

2.8 

70 

0 

95 

80 

4 3.8 

1.6 

75 

0 

100 

35 

5 5.5 

1.4 

70 

0 

95 

40 

G 2.5 

0.6 

85 

0 

110 

SO 

Dog C., with Transplanted Gastric Pouch 

without Myenteric Plexus 


1 0.1 

0 

— 

— 





Fed meat and water 

2 1.3 

0 


— 

120 

— 

3 0.8 

0 

60 

— 

115 



4 1.2 

0 

50 

— 

100 



5 0.9 

0 

X>Q 

— 

115 



6 0.6 

0 

70 


125 

— 


digested and multiplying by sixteen. The total chlorides are expressed as cubic 
centimeters of tenth-normal solution to make them easily comparable with the free 
and total acid. 

RESULTS 

1. Atropine in doses of from 1 to 1.5 mg. given in the manner out- 
lined can suppress the secretion of free hydrochloric acid in Pavlov, 
Haidenhain and transplanted subcutaneous gastric pouches (table 1). 
This indicates that in these tests atropine abolished the secretion. It is 
interesting to note that the second or Haidenhain pouch was the only one 
that never became anacid after the administration of 1 mg. of atropine; 
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.iKciiniis nr surgery 


1.5 ini,'. nvis 

hy iIk; ah.m'iicc of the 

conjectured. 


lictlicr this was due (o au iiuijalaucc created 
vaj^i and pro.setice of .syin[)atlielics can only be 


fiv 


~. In tile doLj with tlic latter tyjie of jioucli, 1.5 tug. of atropine given 
e minutes after a meal produced merely a decreased secretion. ^Vhcn 


1 .\in,h 2. .‘Jclinn oj .•Ilrr>/'h!r on Dot) N., u’:l}i Ilaidniliain Pouch Before and 
.If ter Meal oj 2.=!n (hn. of Meat and 250 Ce. oj ll'oter 


Hour 


1..1 - Mk . 


VoJimic of 

Free 

Total 

Jiilcc, 

liydrochloric 

Hydrochloric 

Cc. 

Acid 

Add 

I'lvc -Mlnntc.s niter MrnI 

1.7 10 

14 

2.0 

12 

14 

s.:, 

1£ 

34 

2.3 

10 

32 

£.0 

S 

30 

Five MImitc.s 

0 

before Mcnl 


0 





0.2 

0 

— 

0.2 

0 

M. 

0.S 

0 

10 


Table 3 . — Effect of In feet hie/ 1 Mg. of Atrojinc Fifteen Minutes After 1 Ce. of 
Histamine, Shozring That Atropine Does Not Abolish the 
Histamine Secretion 


Tolume of Free Total 

Juice, Hydrochloric Hydrochloric 

Hour Ce. Acid Acid 


Dog A., with Transplanted Gastric Pouch without Hj’cntcric Plexus 


1 , 


0.2 


0 


1 mg. atropine injected snhcutnncously IS jnimites after histamine 


2 hr. 15 min 2.T 40 

3 hr. 15 min 0.4 0 

4 hr. 15 min 0.G5 0 

5 hr. 15 min 0.8 0 

C hr. 15 min 0.5 0 


45 

70 

45 

35 

35 

25 


Dog One., with Transplanted Gastric Poueli without Myenteric Ple.xus 


1 

1 Mg. atropine Injected subcutaneously 

2 hr. 15 min 

3 hr. 15 min 

4 hr. 15 min 

5 hr. 15 min 

6 hr. 15 min 


1 drop 0 

15 minutes after histamine 
5.2 100 

0.4 45 

0 — 

0 — 

0 — 


120 

CO 


given thirty minutes before the meal, anacidity resulted (table 2). In 
the latter case, an atropinized animal to which the secretory stimulus was 
applied was being dealt with. In the former, the primary phase of 
secretion had already been stimulated, and perhaps some of the food in 
the stomach had initiated the secondary phase. Rail,' one of the few 
observers who reported anacidity after the administration of atropine 

7 Rail T ‘ Ueber den Einfluss des Afropins auf die selcretoriscbe vnd motor- 
ische Funkdon des gesunden Magens, Ztschr. f. d. ges. e.xper. Med. 52:752, 1926. 
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'I'Am.r. -1. — liiJci-l oj liifrctipii of 1 M;t. of Atropine Tiflecn Minutes Before Ingestion 
I'f 250 Gin. of MenI and 260 Cc. of IFater, Shozoing That IVIicn Secretion of 
Hydrochloric Acid JFas Present During the Control Hour Atropine Did 
Not Abolish Secretion, and When It IFas Absent the Atropine 
Did Abolish the Sceretion 


Yohimo ol rroo Totnl 

•lulcc, llydrorlilorlc Hydroclilorlc Total 

Hour Cc. Acid Acid Pepsin Chlorides 

Dog K., with Pavlov Pouch 

1 1." tiO sr> 

IVd meat and water Ilttccn mlnnlcs after atropine siihcutancously 

2 2,S ."it) 70 too lOfl 

n 2.5 05 10.5 144 150 

4 2.3 SO 95 ... 140 

r, 2.5 90 100 072 154 

0 3.1 SO 95 570 150 

Experiment Repeated on Same Dog When Xo Secretion Was Present in the First Hour 

1 0.2 0 — 

Fed meat and water fifteen minutes after atropine suhcutancously 

2 0.3 0 45 

3 0.5 0 50 

4 1.0 30 85 

5 2.0 75 93 144 130 

0 l.S SO HO 256 100 

Dog Cac., with Transplanted Gastric Pouch without Myenteric Plexus 

1..' 4.9 45 80 16 148 

Fed meat and water fifteen minutes alter atropine subcutaneously 

2 3.1 50 70 10 144 

3 9.0 40 75 9 142 

4 1.0 25 GO 

5 1 drop — — 

0 0 — — 

Experiment Repeated on Same Dog When No Secretion Was Present in the First Hour 

1 0 — — ... 

Fed meat and water fifteen minutes after atropine subcutaneously 
2 0 — — 

3 0 — — ... 

4 0.3 33 60 

5 0.4 23 53 

6 0.4 30 65 


Table S . — Effect of Injection of 1 Mg. of Atropine on Spontaneous Secretion in 
Dog Cae., Having Transplanted Gastric Pouch Without Myenteric Plc.vus 


Hour 

1 . 

O 


4 


C 


Volume of 

Free 

Total 

Juice, 

Hydrochloric 

Hi'drochloric 

Cc, 

Acid 

Acid 

3.4 

110 

120 

l.fi 

72 

SO 

O.G 

no 

GO 

**.7 

50 

70 

1.1 

no 

-•) 

0 

— 




1 mg. atropine injected subcutaneously 
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in iiKin. ncliiwl tlio fart. ]]i: used bouillon as a test meal. One 

niil!i.!,’ratn <,i atropine, one liour before the meal, produced an.ncidity. At 
the time of tin: meal it was inerfeelnal. The possible cause will be dis- 
cussed later. 

»). It 1 cc. of histamine ivas administered I'lftccii minutes after 2 mg', 
of atroi)ine, the response to histamine was almnsl the same as without 
the atroj)ine. Occasionally it was slightly reduced. Tliis was true of all 
(he tyj^cs of j)ouchcs (table 3). Ji had i)re\'ionsIy been observed by 
iveeton, Luckbardt anri Koch '■ in J’avlov jiouches. Jt is evidently true 
of the 2-Iaidenhain ]ioucb and of the transplanted pouch without the 
myenteric ple.xus. 

-1. 1 wo dogs showed another interesting jjbenomenon. One of these 
was of the first group (with a Pavlov pouch) and one of the last group, 
fn the latter a pouch, consisting' only of mucous membrane and suh- 
mneosa. had been transplanted as iti the others, but the original blood 
supply was left intact. At times I mg. of atropine inhibited the secre- 
tion ; at other times it did not. Examples are shoum in table 4. Anal 3 'sis 
of these residts showed that when secretion was present during the 
control hour the atropine was ineffectual. When no secretion was 
present, the atropine inhibited the stimulus of food. This was repeated!}’’ 
observed. In the dog with the transplanted pouch it was also found that 
spontaneous secretion such as noted in the control hour frequently 
occurred. This has previously been reported in this type of pouch 
(Klein ®). Atropine lowered but did not abolish this spontaneous secre- 
tion (table 5). There is evident here a stimulus that is apparently 
humoral and which, like histamine and gastrin, is not completely sup- 
pressed by atropine, 

COMMENT 

In the foregoing experiments two observations should be emphasized ; 

1. Following a meal of meat and broth atropine can abolish the secretion 
of free hydrochloric acid in a Haidenhain pouch and in transplanted 
pouches. The latter were without vagus or splanchnic inneiwation and 
without the myenteric plexus. This would tend to show that in dogs 
atropine can abolish the humoral secretion of the secondary or gastric 
phase. Stimuli from the stomach could reach the latter pouches only 
through the blood stream. 

2. In two dogs when secretion of free hydrochloric acid was present 
before the tests began the atropine rvas ineffectual. This was noted in a 
dog with a Pavlov pouch, but was especially marked in a dog with a 
transplanted pouch. In the case of the dog with a Pavlov pouch it is 
possible that the spontaneous secretion may have been vagal and similar 
to the fasting secretion in man. If so, it is likely that the atropine would 
have inhibited it. In the dog with the transplanted pouch, however, this 
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secretion wns necessarily lunnoral and not reflex in nature. Like the 
secretion ol histamine, it could not be abolished by atropine in doses 
of 1 ni[^. 

'J'he origin of this secretion is obscure, hut it must have eome either 
from the gastro-intestinal traet or from the parenteral tissues. As the 
dog had not been fed for twenty-four hours, stimulation by food from 
the stomach and small intestine seems excluded. Food substances intro- 
duced into the large intestine through the rectum do not stimulate gastric 
secretion. Saliva, bile and pancreatic juice in the stomach are known to 
stimulate the second phase. However, it would seem that since the other 
intragastric stimuli (water, meat) were rendered ineffectual by atropine, 
these also may have been inhibited. There is left the interesting possi- 
bility that the humoral stimulant was of parenteral origin. Such pai'en- 
teral stimuli have previousl}' been assumed by Bickel ® and Krimberg." 
In view of the fact that atropine did not abolish this stimulus, it probably 
acts like histamine directl}' on the cell. 

On the other hand, atropine did complete!}' inhibit the action of the 
humoral stimuli which originated from food inside the stomach, that is, 
from the test meal. This observation was previously made in a different 
way by Zeliony and Sawitsch and by Sanozky.^^ The former found, 
for instance, that the secretion due to beef extract placed in an antral 
pouch could be inhibited by atropine. But if the beef extract were 
injected subcutaneously or intravenously, atropine could not prevent the 
secretion. 

The question naturally arises as to why the atropine inhibits the 
humoral stimulus produced by food but does not inhibit the humoral 
secretion of parenteral origin. Two possible answers to this question 
are: 1. The secretory hormone produced b}' food in the antrum and 
intestine may differ chemically from the other humoral stimulant, and 
also from other substances, such as beef extract, histamine and gastrin, 
which, after subcutaneous injection, cause secretion; further, the latter 
may act directly on the secretory cell, while the hormone may act on 
nerve endings that are paral 3 'zed by atropine, or (2) atropine prevents 
the formation of the gastric hormone in dogs. The first possibility 
cannot be answered until more is known of the hormone. The second 
possibility will be discussed. 

8. Bickel, A. : Der nervose !Mechanismus der Sekretion der !Magendrusen und 
der Aluskelbewegung am Magendarmkanal, Ergebn. d. Physiol. 24:228, 1925. 

9. Krimberg, R. : Zur Frage nach der Bedeutung der iluskelhormone im 
Sekretionsprozesse der Verdauungsdriisen, Biochem. Ztschr. 157:187, 1925. 

10. Zeliony and Sawitsch; Verhandl. d. ges. russ. Aerzte zu St. Petersburg, 
1912; quoted by Babkin (footnote 1, p. 399). 

11. Sanozkv: Diss., St. Petersburg, 1893, p. SO; quoted by Babkin (footnote 
1, p. 398). 
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J hi .Site (ij . Ictioii of . Ifrofniir . — f iic ^itc (if action of atropine is 
tiMially considered to he on the post.qanijlionic nerve endings in the cells 
or nenroeelhilar snhstance, hnt the snhject is Jiot clearly settled. There 
is some evidence, for instance, that in large doses it may act directly on 
the gastric secretory cells (Keeton, Lncldiardt and Koch In the case 
ol the motor cells the chief action also seems to he on the nerve endings 
oi neni omnscniar junction. JInt here it has more definitely been shown 
(Cushny’=) that atropine may also act directly on the cell. 


J he foregoing e.vperiments definitely show that complete inhibition 
of secretion may he produced hy atropine in the ab.scncc of the myenteric 
ple.xns. More precise conclusions as to the site of action could be drawn 
from these experiments if one were certain of the nature of the sub- 
mucous (^Meissner’s) plexus. If the latter were definitely sjanpathetic, 
then the jiostganglionic vagus fibers to the secreting cells would originate 
in the myenteric plexus. Since this plexus had been removed and since 
the sympathetics were also eliminated, the secreting cells of the trans- 
])lanted pouch would then be left without any eflcrcnt nerve endings. 
Both autonomic S3'stcms would be eliminated. But although there does 
exist evidence that the submucous plexus is sympathetic and although 
in a previous paper I subscribed to this view, I am at present uncertain 
as to this. The possibility therefore still exists that atropine could act 
on nerve endings in the pouches mentioned. This subject will be more 
fully discussed in a subsequent paper on the action of pilocarpine. 

One other possible site of action deserves further mention. Ivy ” 
advanced the suggestion that atropine may prevent the formation of the 
hormone in the stomach. There is no parallel action of such a nature 
known, but, as alread}" stated, this h3'^pothesis would explain the experi- 
ments of Zeliony and Sawitsch.*® If beef extract was placed in the 
antrum of the stomach, atropine inhibited the secretion, but after subcu- 
taneous injections atropine was ineffectual. This hypothesis would also 
explain the observation mentioned that the same dose of atropine which 
before a meal inhibited secretion was ineffectual if given after the onset 
of the meal. It is possible that when given before the meal it prevented 
the formation of hormones, and that after the latter had been formed 
and were already present in the blood the atropine was ineffectual. 

In the dog, then, atropine can abolish all three phases of secretion. 
Uschakow ^ showed that it could abolish the first phase. Sanozky and 
Zeliony and Sawitsch showed that it abolished the secretion due to 
chemical stimuli in the stomach, and I have now shown the same result 
in transplanted pouches deprived of all peripheral nerve supply and 


12 Cushnv A. R.: Handbuch der experimentellen Pharmakologie, translated 
nto German by A. Hefifter, Berlin, Julius Springer, 1920, vol. 2, pt. 2, p. 631. 
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?nl)jcct only to luininral inllucnccs. Ivy, Lim and McCartliy * reported 
tlint it abolishes the intestinal phase. 

Action of Alrofinc on Man. — In man, however, the reports on the 
action of atropine vary considerahl)*. On the one extreme are results 
such as those of Crohn.’'' who found an increase, and on the other, results 
of Rail,’ who found complete abolition. The majority of observers report 
only a reduction in acidity which varies in different groups of subjects 
(Keefer and Bloomfield, Schifl,’^ Bennett,^'’ Lockwood and Chamber- 
lin,’’ Kellerman ’®). 

It cannot be said conclusively that atropine alwa}'s abolishes the pri- 
maiw or reflex phase in man, hut there are some suggestive facts. Thus 
Winkelstein reported that after partial gastrectomy and removal of 
the second phase atropine probably suppresses the primary or reflex 
phase. 

The chemical phase cannot, however, be suppressed. Pokras and 
l\Iichelson attempted to produce a condition in which the primary 
phase was eliminated by feeding the patients through a stomach tube. 
In ten of fifteen cases the resultant secretion could be diminished in vary- 
ing degrees. Kliutschareff from similar studies came to the conclusion 
that in cases of gastric hyperacidity a definite drop with atropine can be 
obtained onl}’’ if a large part of this hypersecretion is due to the first 
phase. Hypersecretion is, of course, not normal. 

The reason for this difference of action in the second phase between 
man and dog is unknown. It is possible, however, that in man more of 
the humoral stimuli act directly on the cell. Under these conditions 
atropine would be relatively less effectual. 

Hypersecretion is usually considered to be of nerve origin. Should 
a condition such as humoral hypersecretion be established, its origin and 

13. Crohn, B. B.: Am. J. M. Sc. 155:801, 1918. 

14. Keefer, C. S., and Bloomfield, A. L. : The Effect of Atropine on Gastric 
Function in Man, Arch. Int. Med. 38:303 (Sept.) 1926. 

15. Schiff, Arthur: Beitriige zur Physiologic und Pathologic der Pepsinsecre- 
tion. Arch. f. Verdauungskr. 6:107, 1900. 

16. Bennett, T. I. : The Modification of Gastric Function by Means of Drugs, 
Brit. M. J. 1:366 (March 3) 1923. 

17. Lockwood, B. C., and Chamberlin, H. G. ; The Effect of Atropin on Gastric 
Function, as Measured by Fractional Analysis, Arch. Int. Med. 30:806 (Dec.) 
1922. 

18. Kellerman, Emil : Untersuchungen mit der fraktionierten Magenausheber- 
ung. Arch. f. Verdauungskr. 45:67, 1925. 

19. Winkelstein, Asher: Gastric Secretion After Partial Gastrectomy for Ulcer, 
Am. J. Surg. 7:494, 1929. 

20. Pokras, S., and Michelson, V.: Vegetatives Kervensystem und Magcnsc- 
kretion, .^rch. f. Verdauungskr. 38:373, 1926. 

21. Kliutschareff, quoted by Pokras and Michelson (footnote 20). 
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nature would lie of .si^nincance. J-'or instance, the production of ^Mstric 
anaciclity after jiartial .i,'astrectoniy (which removes the atitruin and 
tlierefore the cliemical phase) would depeiul in j)art on the proportion 
of slinudatin^ influences arisini,' from the antrum, J’erhaps in these 
lelations lies a jKirtial e.xj)latiation of the ohservation mentioned in a 
previous paper;"- namely, that partial gastrectomy for gastric ulcer is 
usually followed by anacidily, whereas after duodenal ulcer onlv 25 per 
cent become anacid. 


SUMM.Anv 

1. In the dog atropine in nontoxic doses (1 to 1.5 mg.) can abolish 
the secretion of hydrochloric acid produced by food in the Pavlov pouch, 
in the Haidenhain pouch and in transplanted subcutaneous gastric 
pouches without the myenteric plexus. 

2. In the latter type of pouch the parasympathetic (vagi) and the 
l)rcganglionic and postganglionic sympathetic nerves are eliminated. 
Whether the postganglionic parasympathetic nerves are also absent can- 
not be stated until the relations of the submucous plexus are definitely 
known. 


3. At any rate, following food, only stimuli through the blood could 
reach this pouch. These stimuli could be completely eliminated by 1 mg. 
of atropine. 

4. The method by which the humoral secretion from food is inhibited 
by atropine in the transplanted pouches is not clear. This action ina}’’ 
talve place either in the antrum or peripheral!}’’ at the cells. 

5. One milligi'am of atropine does not abolish the secretion of 1 cc. 
of histamine in these pouches. The histamine probably acts directly on 
the cell. 

6. The same dose of atropine that could abolish stimulation by food 
when given fifteen minutes before a meal was ineffectual when given 
after a meal. This fact may be of use clinically. 

7. In one dog with a transplanted pouch a spontaneous secretion 
was present at iri'egular intervals not associated with the test meal. This 
secretion was diminished by 1 mg. of atropine, but was not abolished. 
When it was present and a test meal was given, the atropine did not 
abolish the secretion. This spontaneous secretion could not have been 
due to vagus stimulation. It is possible that it was of parenteral origin 
and that its action was directly on the cell. 

8. In man atropine apparently does not abolish the- chemical phase 
of secretion. The differences and possible causes are briefly discussed. 

22. Klein^ E.: Gastric Secretion After Partial Gastrectomy, J. A. M. A. 89: 
1235 (Oct. 8) 1927. 
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9. It is possible that variations in the proportionate amount ot the 
primary (cejihalic) and secondary (cliemical) pliases of secretion partly 
account for (1 ) the lower acidity in gastric ulcers as compared to 
<iuodenal and (2) the far higher percentage of anacidity following par- 
tial gastrectomy for gastric ulcer. If in gastric ulcer a larger proportion 
of the secretion is due to the chemical phase from the antrum, the 
removal of this part of the stomach would account for the greater fre- 
quency of the anacidity. 
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It has iK'cn shown by us in previous ])apcrs ‘ that the actual cho- 
lesterol content in the bile is not so iin])ortant in g^allstone formation as 
the ratio of the cholesterol to the substance that holds it in solution, 
that is. the bile salts. 1 herefore, it becomes important to stud}’ the 
factors innuencing' this ratio, '1 he single factor of the concentration 
of the cholesterol and of the bile salts taken separately have each 
received much previous attention, and there is a large literature on the 
subject which it is not necessary to review here. However, the impor- 
tant factor of simultaneous estimation of the two substances has rarely 
been employed, and the following studies are an attempt to fill this gap. 
This paper will be mostl}' concerned with the cholesterol factor in this 
ratio and with attempts to vary bile cholesterol by the administration 
of fat or lijioids. The literature on the biliary excretion of cholesterol 
is rather extensive, and the results reported are apparently so contra- 
dictory that before presenting our own data, a critical review is 
necessary. 

The earliest work of importance on this subject was done in 
Naunyn’s laboratory in Strasbourg in the early nineties. Naunyn 
belie^^ed that gallstones originated in the secretion of the mucosa of the 
gallbladder, and the following three sets of experiments were done 
under his direction. Jankau - used both dogs and rabbits in his experi- 
ments, making biliary fistulas and estimating the cholesterol content of 
the fistula bile under various conditions of feeding. He found that the 
administration of enormous amounts of cholesterol in oil (5.5 Gm.), 

From the Department of Surgery, University of Chicago. 

The work was done in part under a grant from the Douglas Smith Founda- 
tion for Medical Research. 

1. Andrews, E.; Schoenheimer, R., and Hrdina, L.; Etiology of Gallstones; 

I. Chemical Factors and the Role of the Gallbladder, Arch. Surg. 25:796 (Oct.) 
1932. Andrews, E.; Hrdina, L., and Dostal, L. E.; Etiology of Gallstones : II. 
Analysis of Duct Bile from Diseased Livers, Arch. Surg. 25:1081 (Dec.) 1932. 

2. Jankau, L. : Ueber Cholesterin und Kalkausscbeidung mit der Galle, Arch, 
f. exper. Path. u. Pharmakol. 19:237, 1891. 
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oithcr Mihcutam-ously nr In- innnlh. caiiM.'fI no rise in the biliary choles- 
terol. I'.xnniinatinn of the intestine or llie area of injection showed that 
the cholesterol had disappeared. Intradimdenal injections led to similar 
results. 'I'lioinas," also usin,cf both dotjs and rabbits with biliary fistulas, 
studied tlic effect of diets of meat, bread or fat, and likewise found no 
changes in the iiiliary cholc.sterol in a considerable series. Kausch ^ 
performed feeding exjieriments with negative results, and also analyzed 
the bile from cadavers in many diseases and found no significant increase 
in an}-. These e.xpcriments led Nairn}-!! ® to conclude that the cholesterol 
content of liilc was independent of any alimentary influences, and not 
related to tlic blood cholesterol or any disease process. 

The work cited has been questioned on several grounds. In the 
first place it was done before any modern chemical methods for accurate 
cholesterol estimation were devised. This is undoubtedly true and, 
furthermore, the figures given are in many cases quite outside the range 
that later observers with better methods have found in similar fluids. 
It must be admitted, however, that considering the methods available 
the work seems remarkably accurate, and while the absolute values may 
not be correct, the lack of change in the relative values cannot be so 
lightly dismissed. 

Little work was done on the subject for about twenty-five years ; 
then the introduction of the Lieberman-Burchard colorimetric method 
of estimation of cholesterol in small amounts of blood gave rise to 
many further investigations. Naunyn’s views of gallstones as resulting 
from catarrh of the gallbladder were discarded, and the exact opposite, 
the theory of “cholesterol diathesis,” supplanted them. It was reasoned 
that a high blood cholesterol implied a high bile cholesterol, and gall- 
stones were thus easily explained. An enormous volume of papers were 
published on this subject for the next ten years. These need not be 
enumerated here; it is sufficient to say that the more careful workers 
found no evidence of raised blood cholesterol with gallstones in the 
absence of biliary obstruction. One of us (E. A.) made 250 such 
estimations in 1916-1917, and was quite disappointed to find no corre- 
lation whatsoever. It was not until 1924, however, that the elaborate 
and careful studies of Campbell ® finally and conclusively laid the ghost 
of this theory by showing that the average patient with gallstones had a 

3. Thomas : Ueber Abhangigkeit dcr Absonderung und Zusammensetzung der 
Galle von der Nahrung, Dissert., Strasbourg, 1890. 

4. Kausch : Ueber den Gehalt der Leber an Galle und Cholcstcrin, Dissert., 
Strasbourg, 1891. 

5. Naunvn, B. : A Treatise on Cholelithiasis, London, New Sydenham Society 
1896. 

6. Campbell, J. M. H.: Cholesterol in Blood in Cases of Gall-Stones. Quart. T. 
Med. 18:123, 1924. 
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noim.’il ;im(niiii ot clmlc.stt-ni?. Xot only CViiujjhclI’s own work 

iuit Ill's tvircJii) fcvi('vv oj ! Jit- subject is imi'orh'tiit. 

Ill t!u? iiic.’uiiinu' spoividic papers 1 );k! ajjjK'arcd on the rcLation of 
Mood cliolcstcrol to Mlo oliolestcrol. Jii ]PD7 Goodinari * sliou'cd that the 
dcsiruction of vrytlirocytes in vivo raised tlie cholesterol of the blood, 
and Kusuinuto s careful work on the bile in animals ])Disoncd with 
tolylenediamine (a strunijly hemolytic at^ent) showed a large increase 
in the cholesterol excreteil in the bile. 'J'his work is not ojicn to criti- 
cism from a chemical standpoint, but the interpretation ])Ut on it hv 
other workers is, in our oju'nion, totally unwarranted. The blood 
cholesterol in ordinary normal or pathologic persons is certainh’ not to 
he compared to tlial loosed by disintegration of red cells by poisons. 
While a j)art of our blood cholesterol may, without doubt, have such 
an origin, it certainly is but a small jiart, as this would imply a much 
faster normal replacement than actualh' takes place. Such e.vperiments 
are surely not to be taken as jjroof that a high blood cholesterol implies 
a high bile cholesterol in general. 

Bacmcister studied the bile in diabetic patients with fistulas, and 
concluded that the cholesterol averaged higher than in normal persons. 
The differences he found were, however, not far outside the normal 
limits when the marked variability of biliary cholesterol is taken into 
consideration. This work has been cited by McNce as evidence of a 
relation of bile and blood cholesterol, although Bacmeister himself con- 
cluded that his results were secured “nicht allcin durch die verschiedene 
A^ahrungsform erkdaren lassen [not only through the different fonns of 
diet explained].” In two diabetic patients coining under our obser- 
vation the cholesterol in fistula bile \vas within normal limits. In one 
of these a twenty-four hour sample was possible, and it also was normal. 
(Experimental studies on this subject are being undertaken.) 

Peirce studied the type of cholesterol in a series of human biles. 

He found that esters were very low and that free cholesterol made up 
the majority. While his work has been quoted as showing a relation 
between blood and bile cholesterol (e. g., in nephritic patients it was 
high), careful examination of his tables shows that cholesterol was 
even higher in other conditions not associated with hj-^percholesteremia. 


7. Goodman, E. H,: Ueber den Einfluss der ATahrung auf die Ausscheidmg 
von Gallensauren und Cholesterin durch die Galle, Beitr. z. chem. Physiol, u. Path. 
9:91, 1907. 

8. Kusumoto, C. : Ueber den Einfluss des Toluylendiamms auf die Ausscbeid- 
uno- des Cholesterins in der Galle, Biochein. Ztschr. 13:354, 1908. 

9. Bacmeister: Untersuchungen fiber Cholesterinausscheidung in menschlicben 

f S • Dfilirder me.scHichen G,n. in Cho.ns.erin nnd 
Da„.scl«. Anch. f. Win. SW, m:337. m2. 
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Havers' " exjK'rimcnls on dogs revealed a slight increase in the 
I)iliary cliolesleroi after the feeding of fat. It became less in febrile 
conditions and. most interesting of all, it appeared to be definitely 
decreased in pregnancy. Tlie latter fact led Havers to the hypothesis 
that the well known hypcrcholcstcrcinia of pregnancy is a retention 
due to the fact that not enough is excreted in the l)ile. Such a concept 
of hypercholesteremia, while it has but little evidence in its support as 
yet. must be kept in mind as a possilnlity in many other conditions 
besides the classic example of jaundice. 

D’Amato showed that the cholesterol in the bile was diminished 
markedlv in intoxication Ijy liver irritants. The injection of alcohol, 
amyl alcohol, acetic acid or but)'ric acid had this effect. The subcu- 
taneous injection of Bacillus coli had a similar effect. As will be seen 
later, the authors have shown that ether may have a similar action, 
although the effect is variable. 

One of the most important observations was that of Rothschild 
in 1915. He showed that the amount of cholesterol in the blood, in 
the liver and, most significant!}', in the bile was enormously increased 
by starvation. While the now well known fact of starvation lipemia 
is not of interest here, it would be important to get evidence of gall- 
stone formation in such cases. Evidence for or against this to our 
knowledge is almost totally lacking in spite of the widespread condition 
during the war and postwar periods. Rothschild’s observations have 
been confirmed by McMaster '■* and others. The interesting point is that 
from the standpoint of degree such changes tend to mask all others, as 
they are so extremely great. The biliary cholesterol may be more than 
tripled in a short time by starvation, and this is the only method ever 
reported which had led to anything approaching such concentrations. 
Whether the concomitant desiccation of the body with consequent 
concentration of the bile is adequate to explain it is doubtful. The 
well known starvation syndrome of edema resembling lipoid nephrosis 
may give rise to a much greater endogenous production of cholesterol 
by the breaking up of body cells and the accumulation of insoluble 
and slowly excreted cholesterol. In our experiments on dogs this has 

11. Havers, K. : Experimentelle Untersuchungen uber Physiologie und Pathol- 
ogie des Cbolesterinstoffwechsels mit besondcrer Beriicksichtigung der Sebwanger- 
schaft, Deutsches Arch. f. klin. Med. 115:267, 1914. 

12. D’Amato, L. : Chemische Veranderungen der Galle bei Leberintoxikationen 
und ihre Wichtigkeit in der Pathogenese der Gallensteinkrankheit, Biochem. 
Ztschr. 69:353, 1915. 

13. Rothschild, M. A. ; Zur Physiologie des Cholesterinstoffwechsels : V. 
Der Cholesteringehalt des Blutes und einiger Organe im Hungerzustand, Bcitr. z. 
path. Anat. u. z. allg. Path. 60:227, 1915. 

14. McMaster, P. D. : Studies on Total Bile, J. Exper. Med. 40:25, 1924. 
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Ollcii M'i vcd to m.-isk otluT, Miialicr cliaii-tcs. 
Icrpl ill niittfl iti any sttiilivs on this suhji'ct 
source of error. 


atui it is to he constantly 
. ar it has heen a fertile 


McX’ee sttidied the j^aallhladder hile in iiregnant women dying of 
septic abortion and found its cholesterol content Iiigher than normal. 
1 lom this he conchided that the hyjierchoic.stcremia of jiregnancy was 
accompanied by an increase in the hile cliole.slerol."’ Tin’s conclusion 
is open to grave f|tiestion. In the first place, the agonal changes in the 
livei and the obvious antemortem starvation in such cases make it rather 


doubtful if postmortem material of this type can apply to the normal 
pregnant woman. Again, there is a tendenc}', which we have noted 
previously.’" for the gallbladder to concentrate dilute biles to somewhat 
the same concentration as normal biles. 7'bc concentrating process tends 
to continue until the total solids reach the level of about 25 per cent. 
1 his view of ]\fcNee's has received more widesj^read notice in his 
summary of the knowledge of cholesterol metabolism, and again in 
Rolleston and McNcc’s “Diseases of the Liver, Gall -Bladder and 
Bile Ducts.’’ 


Further support was given to these theories by Stepp,’® who reported 
a slight decrease (from 10 to 15 per cent) in the hile cholesterol in ani- 
mals on a lipoid-free diet. This seems a rather small change on which 
to base any conclusions in a field in which the normal, uncontrolled 
variations are ten times as great. Prihrams’ studies on the bile of 
pregnant women yielded much more striking results. He found that 
during the first months of pregnancy the cholesterol content of the bile 
was low but later reached excessively high figures which persisted for a 
considerable period after delivery. His figures showed a degree of 
change far beyond the possibility of experimental error. However, his 
specimens were derived by duodenal intubation, and the liver bile and 
gallbladder bile were fractioned according -to the MeItzer-L 3 '’on technic. 
He believed that he was correct in stating that not one clinician in ten 
today has any confidence that specimens obtained in this manner can be 
definitel}^ assigned any origin. Secondly, as will be shown, most of the 


15. McNee, J. W. : Zur Frage des Cholesteringehalts der Galle wahrend der 
Scliwangerschaft, Deutsche med. Wchnschr. 39:994, 1913 . 

16 . McNee, J. W.: Cholestenn, an Account of Its Relations' to Pathology and 
Physiology, Quart. J. Med. 7:221, 1914. 

17. Andrews, Schoenheimer and Hrdina (footnote 1, first reference). 

18. Rolleston, R., and McNee, J. W. : Diseases of the Liver, Gall Bladder and 
Bile Ducts, ed. 3 , London, The Macmillan Company, 1920. 

19 Stepp W • Beobachtungen fiber den Cholesteringehalt des Blutes und der 
Galle’ bei Li’poidfrei ernahrten Thieren, Ztschr. f. Biol. 69:514, 1919. 

20 Pribram E C.: Zur Frage des CholestennstofFwechsels wahrend der 
Schwangerschaft und im Wochenbett, Arch. f. Gynak. 120:90, 1923. 
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intestinal sterols are not biliary in origin. These two facts, to our 
mind, completely vitiate the results of this work. 

The most recent study on this subject has been the reports of a 
series of English investigators, whose results substantiate the theory that 
ingested cholesterol does not appear in the bile. Fox,"* in a carefully 
controlled series of studies, was not able to demonstrate the slightest 
effect of diet. Gardner and Gainsborough,-- in their masterly review 
of cholesterol, metabolism, stated that they did not believe that biliary 
cholesterol can he affected by diet. Gainsborough,"** in a study of 
so-called lipoid nephrosis in which the blood cholesterol reached very 
high levels, found normal amounts in the bile. 

Finally come the elaborate studies of Peyton Rous and his associ- 
ates, which were reviewed by us in a previous paper. These studies 
were done in the onl\' reall}' scientific manner, as the}'^ used the two-way 
fistula of McMaster,**'* so that the bile after sampling was returned to 
the intestine. Their results showed a slight rise from diets rich in 
cholesterol, hut an increase in the cholesterol of the bile from starvation 
which overshadowed all other influences. 

To show the ahsurditv of much of the previous work on the subject, 
it is only necessar}’- to call attention to the fact that it was done utilizing 
complete biliary fistulas from either the clinic or the experimental labora- 
tory. It has repeatedly been shown in such cases that all fatty material 
passes through the gastro-intestinal tract unchanged under such circum- 
stances and can be recovered quantitatively in the stools. The evidence 
on this subject was summed up by Gardner and Gainsborough.-- The 
futility of feeding experiments under such conditions is obvious. 
Added to this, it is interesting to note the crucial experiments of 
Schoenheimer,-® showing that plant sterols are not absorbed at all. 

It is a common misapprehension that most of the fecal sterols are 
biliary in origin. Since the early experiments of Voit in 1892 it has 
been known that the mucosa of the gastro-intestinal tract secretes much 
lipoid material. This is not lessened, but on the contrary markedly 

21. Fox, F. W. : The Composition of Human Bile and Its Bearing upon Sterol 
Metabolism, Quart. J. Med. 21:107, 1927. 

22. Gardner, J. A., and Gainsborough, H. ; Blood Cholesterol Studies in 
Biliar}- and Hepatic Diseases, Quart. J. Med. 23:465, 1930. 

23. Gainsborough, H. : A Study of So-Called Lipoid Nephrosis, Quart. J. Med. 
23:101, 1929. 

24. McMaster, P. D., and Elman, R. : Studies on Urobilin Pbysiology and 
Pathology: 11. Relation of Bile to the Presence of Urobilin in the Body, J. 
Exper. Aled. 41:513, 1929. 

25. Schoenheinier, R. : Ueber die Bedeutung der Pflanzensterine fur der tier- 
ischen Organismus, Ztschr. f. physiol. Client. 180:1, 1929. 

26. Voit, F. : Beitrage zur Frage der Secretion und Resorption im Dhnndarm. 
Ztschr. f. Biol. 11:325, 1892. 
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nK'r<viM-(I. II Ihv litk- is sklr-tracki-W Ity a hiliarv iisliila. Jn tlic classic 
vsinriwcnts <>i Sperry -■ on slerol al)sor[)tion In: found that from one 
tind ,1 h.ill to tonr and a hall limes as nnich stend was present in dog^'s 
st<mls if the Idle was drained externally and a lipoid-free diet given. 
I hese oiiservalioiis have heen amply eon/irnied and extended by Buerger 
and Oeter-' and also hy I'lVinner anrl JJepner.-'' The latter authors 
hidie\e tlmt the amount of hiliary cholesterol in the stools inalces up 
inil a small part i.tf the total. It has long heen known that most of the 
stool cholesterol is ;i hydrogenated sterol, co])rosteroI. This is not 
lesorhed. hether it is hydrogenated before or after e.xcretion is a 
questionable ])oint. J he hili.ary cholesterol may he absorbed or hydrogen- 
ated to the nonresorbable coprosterol in the intestine. The latter possibly 
takes j)lace from the action of intestinial bacteria. Schoenheimer has 
demonstrated a large e.xcretion of sterols by the isolated colon of dogs. 
Similar studies ot the secretion of blind loops of the small intestine 
also yield high sterol contents."' 

\\ ith these points in mind, one must admit that, while the effect 
of diet or hyiierchoiesteremia on the biliary cholesterol as a factor in 
gallstone formation cannot yet be said to be settled, the weight of evi- 
dence lies on the negati\'e side. The following experimental and clinical 
observations tend in our opinion to substantiate this view. 


E.XPKRIAtENTAL WORK 

Studies were first made on dogs, using the two-way fistula described 
previously by Peyton Rous and his associates. It is important that 
such a fistula be used in all of these experiments, as not only does 
simple drainage of the bile cause infection of the liver and hence dis- 
turbance in its physiologic action, but the absence of bile in the intestine 
breaks up the enterohepatic circulation described by Whipiile,®" and the 
pre^dous work on this subject which Avas done in a single one-Avay 
fistula may be said to haA^e A'^ery little value, for our purposes at least. 

While it has long been knoAvn that absence of bile from the boAvcl 
preA^ents the absorption of fat, the studies of Weiland and Sorge 

27. Sperry, W. M.: Lipoid Excretion; IV. A Study of the ReJationsbip of 
Bile to the Fecal Lipoids Avith Special Reference to Certain Problems of Sterol 
Metabolism, J. Biol. Chem. 71:351, 1926-1927. 

28. Buerger, M., and Oeter, H. D. r Ueber den Cholesteringehalt der mensch- 

lichen DarmAvand, Ztschr. f. physiol. Chem. 182 .: 141, 1929. , 

29. Beumer, H., and Hepner, F. : Ueber die AusscheidungsAvege des Cholester- 

ins Ztschr. f. d. ges. exper. Med 61:787, 1929. , 

30. Schoenheimer, R., and von Bedring, H. ; Ueber die Exkretion gesattig er 

Sterine, Ztschr. f. physiol. Chem. 192 : 102 , 1930. 

31. Schoenheimer, R.: Unpublished work. , 

37 Whiople G. H.; Bile Salt Metabolism, J. Biol. Chem. 59.6^3, 
fewSl H, and Sorge, H.: Umereuchongen fiber die Galleo»„reo, 

Ztschr. f. physiol. Chem. 97:1, 1916. 
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pcrliaps y:ivc a more com]ilete explanation of the phenomenon. They 
showed that clesoxycholic acid has the power to make loose chemical 
compounds with a number of different fatt\' acids. The absorption of 
fat. it has been suggested, may take place by some such mechanism, 
and therefore the absence of bile acids from the intestine stops this 
method of rendering these substances soluble. 

The two-wa}' fistula that leads from the proximal end of the common 
duct to the outside, where it may be tapped and specimens secured, and 
then goes back to the distal end of the common duct has proved in our 
hands exceedingly difficult to keep in working condition for long periods. 
However, with care it can be done, and the accompanying tables are 
illustrations of the results of such studies. 


Table 1. — Effect of Diet on the Bile Cholesterol of Dog 223* 





Cholesterol, 
Jig. per 

100 Cc. 

Bile Salts, 
Jig. per 
100 Cc. 

Ratio of 
Bile Salts to 
Cholesterol 


5/ 0/31 

Gallbladder specimen removed at oper- 
ation 

CS.IS 

479G.5 

70,5 

1 

5/ C/Sl 

5/ 7/31 

Immediate postoperative specimen 

27.0 

oSS.2 

21.7 

2 

Fed ordinary meat diet; then drained 
for 4 hours 

n.7 

2C9.1 

23.0 

3 

5/ S/31 

Fed ordinary meat diet; then drained 
for 4 hours 

41.C 

JUU3.37 

25.5 

4 

3/ 9/31 

Given 100 cc. oiive oii by stomaeh tube; 
then drained for 4 hours 

19.7 

1425.4 

72.3 

5 

5/11/31 

Given 100 ee. oiive oil and 100 cc. cream 
by tube; then drained 4 hours 

21.S 

1312.2 

CO.l 

G 

3/12/31 

Given 100 ee. cream: then drained for 
4 hours 

10.5 

1221.7 

110.3 

7 

5/1S/31 

Fed 2 Gm. biie salts; then drained for 
4 hours 

21.4 

13SO.O 

04.4 

S 

3/10/31 

Fed 2 Gm. biie salts; then drained for 
4 hours 

21.1 

1501.0 

74.0 


* The two-ivaj- fistula of JlcJIaster was used, the bile being returned to the bowel after 
sampling. 


Dog 223 (table 1). — The points to be noted here are; First, the 
wide fluctuations in the cholesterol content in the bile here were due to 
entirel)" extraneous influences. The first postoperative specimen taken 
when the liver was still under the influence of the anesthetic throughout 
our series showed wide fluctuations in both man and animals. In two 
cases in human beings reported in a previous paper the cholesterol 
under these conditions was exceedingly low, falling almost to zero. 
This was true in some of our dogs, and again in others it tended to 
run unusually high. We suggest the possibility that deh\-dration due 
to operative hemorrhage may have been a factor. The important thing, 
however, to be noted is the fact that the administration of large amounts 
of fat has certainly not given the effect of increasing the bile cholesterol. 
Meat, regarded b}' some as a precursor of cholesterol, also had no 
effect. This has been true through our series. In the latter part of the 


34. .\ndre\vs, Hrdina and Dostal (footnote 1, second reference). 
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v.xpi'nmnil vi-ry large amr.imis nl I,ih acids urre fed hy mouth, and 
these also prodiicerl no npp.ircnt otYccl on either the cholesterol or the 
bile acid content of the hde. both of which remained within normal 
[ihysiologic limits. It was thus possible that the (iresence of larger 
amounts of bile acid in the intestine hastened the absorption of cho- 
lesterol. which may indeetl be the case althou.gh it is not reflected in an 
increased biliary cholesterol. Unfortunately, no studies of the blood 
cholesterol were made concurrenth-. The bile salt-cholesterol ratio in 


I Aiii.t: of Did on (In- Rile Cltolcslcrol of Don ' 


4 /!.■>/ 1! 1 
■I'lG/.-n 
■i/l7/;n 

1/20/31 

4/20/;!l 

4/21 /.31 
4/22/.3I 
4/21/31 
4/24/31 


hniiii’diiitr iioytoiiiTiitlvo .‘•pcpliiicn 

Xo food iios-toiK'radvcIy; MIp <lniliiod for 4 hours 
Olive oil. 2.10 cc., hj- stomucli tube; then drained 
lor 4 hours 

A.m.: dof: la.stinp; drained lor 4 liour.s 

P.iii.; ."lOO Oiii. liread and 100 ec. Karo svnip; 
drained lor 4 hours 

lyd .ejOO Gin. lean meat; drained for 4 hoiir.s 

Xo fccdlDif; bile drained for 4 liour.s 

No leedinff; bile drained for 4 hours 

Olivo oil, 300 cc., hy .stoiiiaeh tube; drained for 
4 hours 


(.'liole.>!- 

line 

Kiitio of 

Ciil- 

lerol, 

.Sllll.o. 

bile Suits 

cium. 

•Mg. per 

-Vg. Tier 

to Cho- 

-Vg. per 

W) Cc. 

100 LV. 

le.stero! 

100 Cc. 

1.5.9 

S2S.2I 

m.s 

5.0 

13.5 

757.0 

44.G 

7.4 

20.0 

107S.0 

53.0 

5.S 

rs.T) 

143.0.0 

39.0 

12.5 

54 ..5 

S.'iS.3 

13.0 

C.75 

31.5 

13.01.0 

44.0 

12.9 

IS.O 

13.57.0 

74.0 

13.9 

7.4 

1133.0 

150.0 


S.6 

,532.0 

02.0 

s.'s 


* The two-way fistula of .McMaster was used, the bile bclne returned to the bowel after 
sanifilinc. 


Table 3. — Effect of Diet on the Bile Cholesterol of Dog ISO* 


4/2-2/31 

4/23/31 

4/24/31 

4/24/31 

4/25/31 


Immediate postoperative specimen 

No feeding; bile drained for 4 hours 

A.m.: stock diet fed the night previously; 
drained for 4 hours 

P.m.: 300 ee. olive oil by stomach tube; drained 
for 4 hours 

Stock diet fed the night previously; drained for 
4 hours 


Clioles- 

Bile 

Hatlo of 

Cal- 

tcrol, 

Salts, 

Bile Salts 

eium. 

Mg. per 

Mg. per 

to Cho- 

Mg. per 

100 Cc. 

100 Cc. 

lesterol 

100 Cc. 

9.5 

039.5 

OS.G 

11.45 

12.5 

6S9.9 

55.2 

12.7 

S.O 

15S.S 

70.4 

9.2 

lO.O 

527.3 

62.7 

9.4 

18.4 


.... 



* The two-way fistula of lUcMaster was used, the bile being returned to the bowel after 
sampling. 

dog liver bile runs from 50 to 150, averaging around 100. During the 
first postoperative day or two the ratio as shown here was quite low, 
lying in the range of normal levels in human beings. However, we 
attached no significance to this fact whatsoever, as it was shown in a 
previous paper that under influences of lii'er poisons much of the bile 
acids is excreted in an uncombined form which would not show in 
the amino-nitrogen method of Van Slyke, which was used throughout.^-* 
Dog 167 (table 2).— The same features were obvious throughout 
this experiment. There was no effect whatsoever from the administra- 
tion of fatty foods. In fact, the lowest bile cholesterol found was after 
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the adiiiinistrntidii of lari^c aiiiminls of olive oil. Here again a factor 
is evident that McMaster ” liad noted ; that is, that the biliary cholesterol 
is raised hv starvation far more than by any other means. The bile 
salt-cholesterol ratio rims in the usual range e.xcept during the first few 
days after operation, when it is apparently ilisturhed hv the factors 
already mentioned. 

Dog 180 (table 3). — Here again the total dissociation of fatty food 
from bile cholesterol is obvious, and the bile salt-cholesterol ratio 
remained within the normal limits for this type of animal throughout 
the e.xperiment. 

Table 4 is jnit in simply to show cholesterol values in postoperative 
specimens and well illustrates the wide variation found in these early 

Taisle 4. — Early Posiflt'cralh'c Bile Clwle.ticro! : Ihc Effect of Ether 


Rous Double ristulns 


Dog 177 • 

[First postoperative specimen.. 
[Second postoperative specimen 

Dog 232 

[Third postoperative specimen. 

■ First postoperative specimen.. 

Dog 293 j 

First postoporntivc specimen... 
Second postoperative specimen. 

Dog2Sl 

.First postoperative specimen.. 

Case 905S (Human being) 

Case 34903 (Human being) 


Mg’, of Cholesterol 
per 100 Cc. of Bile 

14.2 
22.0 

33.3 

42.1 

25.0 

14.2 

23.0 

10.7 

8.40 

48.0 


Case 3695S.... (Human being) 


specimens. Whether it is related to starvation or not is difficult to tell, 
but it is a fact that in certain cases following operation bile containing 
an unusually large amount of cholesterol may be excreted. 

CLINICAL DATA 

Table 5 is illustrative of a carefully controlled experiment on a 
human being with a common duct tube from which all the bile was 
drained ; the observations were continued for nineteen days. This is 
the same case part of the data from which was reported in the second 
paper of this series.^ The patient had diabetes of mild degree, well con- 
trolled before operation. During the first few days after operation she 
had a slight glycosuria with some acidosis, but she rapidly returned to 
normal and was able to eat a normal diet during the last fourteen days of 
the experiment. While unfortunateh' no studies were made on the 
blood cholesterol, one would certainly expect somewhat of a lipemia in 
such a case. It is obvious from the chart and table 5 that if this was 
present it was not reflected bv increased excretion in the bile. 
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'i'hc (lic-t was rapidly increased lo normal on the lirst four post- 
operative days, aiifl from then on the patient received 130 Gm. of fat 
per day. On the twelfth to lifteenth day this diet was cut down to 
M) Gm. ol fat i>er day. and again it can he seen that this had no effect 
on (he biliary cholesterol. During eacli of (he periods noted she bad 

'I'.Mii.i- S.—Comtlctc Record on nishila Bile in Potirnl R C. 
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Voliiiiir, 

Total 

Sollfis, 

(’111- 
chilli. 
-111.-. JXT 

.Sail,': IIS 

Clinics- (llyco- 
tcrol, cliolatc. 

Mn. per Mn. tier 

cso. 1 hiu' 

Cc. 

Oni. 

100 C’o. 

100 Cc. 

100 Cc. 

Comment 

1 

Isl |>o>l()|>('ni(ivi' 

Jir. 1.7 

;!..7t 

0.4.7 

4S.0 

0 


o 

Xc.\t IS liour.': 

2.70 

3.4.3 

7.7 

.58.8 

47 



S II. III. to 4 p.iii. 

46 

l.Otl 

C.O 

50.0 

0 


4 

4 Ii.iil. lo 12 II. III. 

!i.7 

l.OS 


51.2 

0 


r, 

12 II. III. to S II. III. 

108 

1.70 

•1.0 

47.5 

0 


li 

S Il.Ill. to 4 [Mil. 

121 

1.50 

4,7 

48.1 

6 


7 

1 [Mil. to S Il.Ill. 

1.78' 

2.13 

4A 

.54.5 

0 


>•' 

S Il.Ill. to noon 

28 

2.11 

r>.o 

62.4 

22 

S a.m.; clchydrocliolie acid, 


Xooii to S n.in. 

14.7 

2.80 


82.1 

20 

0.5 Gm. 

III 

S Il.Ill. to noon 

1.7 

.... 

< ..>'4 

02.4 

35 

8 a.m.; dcso.vycholic acid, 

n 

Soon to S Il.Ill. 

200 

2.4.3 

7.1 

52.S 

,57 

0.5 Gm. 

12 

S Il.Ill. to noon 

20 

. ... 

7.7 

50.8 

44 

S a.m.: deliydrocIioIJc acid. 

13 

Xoon to S Il.Ill. 

ISO 

3.46 

7.5 

C.7.0 

13 

0.5 Gin.; cholesterol, 

1 Gm. 

14 

S Il.Ill. to noon 

45 

2.C2 

c.o 

58.0 

42 


1.') 

Xoon to S Il.Ill. 

200 

3.47 

7.9 

73.0 

51 


10 

S n.ni. to noon 

60 

3.00 

7.1 

09.0 

0 


17 

Xoon to S a. 111 . 

500 

2.10 

6.2 

83.0 

20 


IS 

8 11 . in. to noon 

45 

2.50 

7.2 

51.0 

60 

S a.m.: clcso.xycliollc acid, 

10 

Soon to S a. III. 

200 

3.3S 

8.3 

81.0 

47 

0.5 Gm.; cholesterol, 

1 Gm. 

20 

8 a. in. to noon 

30 

. .«• 

8.3 

58.0 

103 

8 a.m.: dehydroeholic acid, 

21 

Noon to S a. III. 

103 

2.9S 

0.9 

75.0 

22 

0.5 Gm. 

22 

8 a. 111 . to noon 

45 

3.10 

S.7 

50.0 

fo 

S a.m.: dehydrocliol/c acid. 

23 

Noon to S a.ni. 

260 

3.37 

6.9 

83.0 

72 

0.5 Gm. 

24 

S a.in. to noon 

150 

2.49 

S.S 

07.0 

42 

S a.m.: dehydroeholic acid. 

25 

Noon to S a. in. 

350 

2.44 

7.1 

50.0 

40 

0.5 Gm.; cholcsteroj, 

1 Gm. 

20 

8 a.m. to noon 

105 

2.82 

6.8 

70.0 

11 

S a.m.: cholesterol, 1 Gm. 

27 

Noon to S a.m. 

355 

2.50 

0.7 

06.0 

46 


28 

8 a.m. to noon 

125 

2.41 

5.5 

00.0 

IS 

8 a.m.; cholesterol, 1 Gm. 

29 

Noon to S a.m. 

415 

2.45 

7.1 

58.0 

25 

S a.m.: cholesterol, 1 Gm. 

30 

8 a.m. to noon 

05 

2.92 

7.9 

71.0 

32 

31 

Noon to 8 a.m. 

550 

2.72 

6.0 

07.0 

43 

S a.m.: cliolcstcrol, 1 Gm. 

32 

8 a.m. to noon 

150 

2.05 

5.6 

58.0 

0 

33 

Noon to 8 a.m. 

445 

2.08 

5,5 

71.0 

15 


34 

8 a.m. to noon 

125 

2.35 

5.5 

49.0 

0 


35 

Noon to S a.m. 

350 

2.50 

G.O 

78.0 

II 


36 

8 a.m. to noon 

75 

2.35 

5.3 

57.0 

11 


37 

Noon to 8 a.m. 

305 

2.50 

5.9 

63.0 

11 


3S 

8 a.m. to noon 

140 

1.92 

4.0 

62.0 

11 


39 

Noon to S a.m. 

.325 

2.41 

4.7 

65.0 

0 



received doses of bile salts b}' mouth which should have aided in the 
absorption of fat. 

During the course of the experiment, cholesterol was administered 
b}' mouth on various occasions, as were bile acids and both substances 
together. In each case these were given at 8:00 a. ni.. and the subse- 
quent four hour specimen of bile was analyzed separately from the rest 
of the twentA^-four hour specimen. During the entire period here 



i)osTAi.-A.\DRi'jrs~nTioL(x;y or gallstones 


269 


rc]i(irtc(l iIk! stools were free from bile. The cholesterol was dissolved 
in hotter which was allowed to harden again before feeding. This is 
quite necessary, as crystalline cholesterol is often not absorbed. The 
dose in each case was 1 (nn. The bile acids used were dcso.xycholic 
and dehydrocholic. in doses of 0.5 C!in. in several capsule.s. It is impor- 
tant to nse the acids and not the sodium salts, which are much more 
disagreeable to taste. The patient was afebrile during the experiment, 
and was able to take fluids freely, so that dehydration was not a factor. 
All the ingested food and drugs were retained, there being no vomiting. 

The d.ata gathered in the studies may be summarized as follows : 

1. .“Xs already noted, the fact that the patient had diabetes did not 
bring about an increase in the amount of cholesterol in the bile either 
in the concentration or in the daily output. 

2. Variations in the dietar}- fats and proteins had no effect on the 
biliary excretion. While it has been noted by various observers that 
the blood cholesterol is affected by diet only slowly and over long 
periods, one would expect a nineteen day study of this type to have 
some effect on the bile, even allowing for the slowness of the response. 

3. The feeding of cholesterol, even w'hen accompanied by bile acids, 
likewise had no effect whatsoever. 

4. The feeding of bile acids, desoxycholic or dehydrocholic, either 
alone or with cholesterol, had no effect on the bile cholesterol. Theo.- 
retically these must have materially hastened the absorption of fats and 
raised the blood cholesterol, and we regret that this was not studied. 

5. No correlation between the cholesterol and the total solids of the 
bile could be found. 

6. No relation existed between the cholesterol content and the 
volume of bile excreted. 

7. The constancy of the bile cholesterol here as well as in other 
experiments in human beings previousl)' reported is remarkable. In this 
case in spite of all the changes in the experimental conditions, it varied 
only between 55 and 75 mg. per hundred cubic centimeters. In our 
hands the colorimetric estimation has never been perfected to the same 
degree of accuracy reported b}' several other observers. With our most 
carefully made tests the margin of error has proved to be at least 15 per 
cent. From this it maj^ be seen that the fluctuations within the range 
reported may be mostly experimental error. In dogs the range of nor- 
mal fluctuation is often much greater than in man. 

The accompanying chart is composed of the same data plotted to 
represent in milligrams irer hour the excretion of both bile salts and 

35. Fo.k (footnote 21). Gardner and Gainsborough (footnote 22). Gainsbor- 
ough (footnote 23). 
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chtik'stcnil. W lu-n plolU-d in this nianiicr it is evident at once that the 
flnetu.iiions are considerahly tjreater. However, careful examination of 
the eh.u t a_t[ain eonririns (he f;ict that there is no correlalio;) ndiatsoerer 
between tlie excretion per Itonr of cliolesterol and (I) diet, (2) the 
oral adtninist ration ot cholesterol ;nul (.S) the oral administration of 
Itile acids. 

After a i^ostoperative jteriod witli very small cholesterol excretion, 
it reaches a level wliich it tends to maittlain cjilircly free from dietary 


Clymcr 
Bite Salts - 
ClioIosteruL 



BiHBi 



Mas. 1 ! nm M-J I u I I I I I „ i . I . I u I trr I ■ Lt 

Daqs ■ 1 Z ^4'f kT T 8 t 9 Tio f// (fj/e (V .8 (? 

Operatlojn Dehy^o 0e6ox)^Dehy<ir<? Desoxy 3)ehydr(? JJehydro'^i^rrt. ChoL. 

' o,Sqm. 0.5<?m. O.Sgm. 

l^mTchol* Igm- Choi. Igtvi. Chot. 

Same data as tabulated in table 5, calculated in milligrams per hour. Note the 
complete dissociation of the diet and feeding of cholesterol or bile salts from the 
excretion of either in the bile. 

infltxence. One of the most striking phenomena noted was the fact that 
the cholesterol excretion was so much higher in the morning specimens 
throughout. It averaged 18 mg. per hour, and then 12 mg. per hour 
during the rest of the day, a 50 per cent increase. Fasting is probably 
the explanation of these results. The total cholesterol found m the 
bile during the last ten days of the experiment, a ter the postanesthetic 
pldod waf over, was only about 3 Gm. This is in marked contrast to 
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the fact that the patient received 6 Gm. of pure cholesterol by mouth 
besides the considerably larger amount that was contained in the high 
fat diet given for diabetes. This appears to confirm in man the obsei'- 
vations of Schoenheimer on dogs, that the major share of cholesterol is 
excreted by the mucosa of the bowels. It is unthinkable that such a large 
amount is stored daily, even with a bile fistula. Of course, it may be 
that the meager amount of bile salts jjrovided (3.5 Gm.) was not 
enough to permit the ahsorjition of so much lipoid material. 


COM MEXT 

Gardner and Gainsborough,-- in their recent studies on blood 
cholesterol, not only agreed with Campbell in totally dissociating it 
from the problem of gallstone formation “ but also showed that the 
previous conceptions of biliary obstruction and cholesterol were at fault. 
They quite conclusively demonstrated that in biliaiy obstruction there 
is not a rise but a marked fall in the sterol content of the blood. This 
fall, which also occurs after fistula formation, is in the ester fraction 
and is due to failure of absorption from the intestine. It is only after 
prolonged jaundice that a rise in the blood cholesterol occurs. The 
following quotations from their conclusions is quite in accord with our 
findings : 

The usual theory that this change is due to retention in the blood of cholesterol 
from the bile is quite inadequate. . . . Hj'percholesterolemia does not occur in 

uncomplicated cholelithiasis. . . . There is no evidence that the cholesterol 
content of the food influences the cholesterol content of the bile or has any relation 

to gall stone formation The marked hypercholesterolemia, which occurs 

in some forms of nephritis, also does not lead to any increase in incidence of 
cholelithiasis. 

CONCLUSIONS 

1. The cholesterol content of the bile is independent of dietary 
factors. 

2. In these studies no changes in the bile salt-cholesterol ratio of 
sufficient magnitude to approach the critical level for precipitation have 
been found. The responsibilit}" for gallstone formation seems to lie 
in the gallbladder rather than the liver. 
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OF FRACTURES, OF DEFECTS IN BONE 
OF DEFECTS IN CARTILAGE AFTER 
SV.MI'ATIIECTOMY 


J. ALIiJ-RT KEY, M,D. 

ST. J.OL'J.S 

•A, Nil 

ROBERT AfOORE, AI.D. 

O.VI.VKSTO.V, TEXAS 

In tin’s article avc n'ish to report the results of experiments per- 
foiined in an attempt to determine whether or not s3MnpathectoiTiy 
influences the healing of cartilage and bone. 


HEALIKC OF FRACTURES AND OF BONE DEFECTS AFTER 
SYJIPATIIECTOMY 

The Literature. — Physiologists have demonstrated repeatedly that 
reinoi'al of the sympntbetic ganglions supplying a limb is followed by a 
dilatation of the blood vessels and increased flow of blood through that 
limb. Furthermore, certain investigators have maintained that an iden- 
tical result is secured by the removal of a segment of the outer coat of 
the main artery. These developments have led clinicians to the use of 
one or another of these procedures in the treatment of almost every 
pathologic condition that might possibly be attributed to a deficiency in 
local circulation. One of these conditions is the state of delayed union 
or nonunion in fractures of the bones of the extremities. 

The first use of s 3 anpathectomy in the treatment of delayed union 
of fractures was b}" Kappis ^ in 1923. He performed periarterial 
sympathectomy of the femoral artery of a man, aged 23, who had had a 
fracture of both bones of the leg about ten weeks before. The fracture 
had been treated by open reduction followed by skeletal traction and a 
plaster cast. The periarterial sympathectomy was followed by rapid 
union, and the fracture was healed within six weeks after the operation 
on the artery. In 1924, Ffith “ reported two similar cases, and two more 
cases were reported by Rubaschow ^ in 1925. Other cases of the same 

From the Department of Surgery of Washington University, St. Louis, and 
of the Medical Branch of the University of Texas, Galveston, Texas. 

1. Kappis, A'lax; Further E.xperiences with Periarterial Sympathectomy in 
Delayed Union, Klin. Wchnschr. 2.T441, 1923. 

2 Fiith; Ber. a. chir. Gesellscb., November, 1924, p. 61. . 

3. Rubaschow, S.: Periarterial Sympathectomy in Delayed Union of Frac- 
tures, Zentralb). f. Chir. 52:635, 1925. 
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tyjK' liavc hcni rciiortcd in- tlaudicr.' l-'cntaiiic,' Stropcni," Estor ‘ and 
l-'lorcsco.^ UiTreduzzi " made the statement that in delayed union when 
tlie delay is not due to mechanical infiuences, the indication for peri- 
arterial sympathectomy is perfect. 

It is to he noted that all of the foret,ming observations are in clinical 
cases, and that, with the e.xception of Fontaine, no author reported 
more than three cases. Fontaine reported eight cases, and in four of 
these .sym]iathectom3' appears to have been followed by definite benefit, 
while in four others there was tio apparent benefit from the operation. 
In fact, in one case a low grade infection seems to have been aggravated. 

I’alma reported experimental work in wbich he removed the lower 
cervical .sympathetic ganglion on one side and fractured the radius on 
both sides in six rabbits. The animals were killed on the fifth, tenth, 
fifteenth, twentieth, thirtieth and fort3--fifth days. Roentgen and 
microscopic examination of the fractures showed much more rapid 
consolidation of the fractures and disappearance of the callus in the 
.sympathectomized limb. He believed that the more rapid union on the 
sympathectomized side was due to the increased blood flow in the area 
and considered his e.xperimental results as proof of the importance of the 
blood supply in the repair of fractures. Fontaine ° performed bilateral 
osteotomies of the metatarsals of dogs and periarterial sympathectomy 
on one side and noted more rapid union on the sj'inpathectomized side. 
Gaudier * performed experimental periarterial sympathectomy in dogs 
and reported that in spite of the difficulty of the operation on small 
vessels there was more I'apid healing in fractures of limbs that had been 
subjected to the sympathectomy. Unfortunately, Gaudier does not 
give the details of his experiments. Pearse and Morton removed the 
sympathetic ganglions and chain from the renal vein down to the 
sacrum on the left side in ten dogs and resected uniform segments of the 
fibulae in the same animals. The}' were able to detect little, if any, 

4. Gaudier, H. : Periarterial Sympathectomy and Fractures of the Extremities, 
Bull, et mem. Soc. nat. de chir. 52:1190, 1926. 

5. Fontaine, R. : Eight Cases of Retarded Consolidation and Pseudarthrosis 
Treated by Periarterial Sj-mpathectomy, Rev. de chir. 64:95, 1926. 

6. Stropeni, L. : Periarterial Sympathectomj- to Promote Healing of Frac- 
tures, Arch. ital. di chir. 15:601, 1926. 

7. Estor, E. : Sympathectomy and Fractures of the Extremities, Bull, et mem. 
Soc. nat. de chir. 53:647, 1927. 

8. Floresco, A. : A Case of Pseudarthrosis of the Forearm Healed by Peri- 
arterial Sympatbectomy, Rev. d’orthop. 16:503, 1929. 

9. Uffreduzzi, Ottorino: A Stud 3 - of the Pln-siopathological and Clinical Peri- 
arterial Sj-mpathectonn-, Gaz. d. hop. 101:265, 1928. 

10. Palma, R. : Influence of Symp.athectomy on the Process of Reparation of 
Fractures Through .Animal Experiments, Ann. ital. di chir. 4:85, 1925. 

11. Pearse. H. E., Jr., and Morton, J. J. : The Influence of .-Mterations in the 
Circulation of the Repair of Bone. J. Bone & Joint Surg. 13:68, 1931. 
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(liricroiicf ill the lienlin,<,f on the twii sides and cotieludefl that the sympa- 
thetic system has little in/liienec on osteogenesis. 

Materials and Methods . — These experiments were jierfonncd on 
cat.'', and tlie procedure consisted of rc.scction on the right side of the 
stellate (first thoracic) ganglion and the two subjacent thoracic (second 
and third) sym))athetic ganglions. Since all of the sympathetic pre- 
ganglionic fibers lea\'e the cord to enter the chain at or below the first 
thoracic segment, this o|)eration not only destroys the .sympathetic com- 
ponents of the first and second thoracic sjiinal nerves, hut also interrupts 
the .sympathetic conijionent to all cervical nerves and is thus a complete 
.sym])athcctoniy for the fore leg (Ramson ’-). At intervals of from one 
to two weeks after the sympathectomy, transverse osteotomy of the 
ulna of each fore leg was iierformed. thus giving uniform fractures on 
the right symjiathectomized .side and on the left normal side, the latter 
serving as a control. The animals were then killed at intervals of from 
nineteen to scvent}--four days after the osteotomies. At autopsy, the 
ulna and radius were removed, examined in the gross and then fixed in 
formaldehyde. X-ray photographs were made, and the bones were then 
decalcified, sectioned, stained in hematoxylin and eosin and studied 
microscopically. 

In addition to the foregoing, a large rectangular defect, approxi- 
mately 1.5 cm. long and including approximately half of the shaft of 
the ulna, was created in each fore leg of one animal in which the right 
upper thoracic sympathetic ganglions had been removed as described. 

Results . — The fractures on both the control and the sympathectomized 
side appeared to heal at approximately the same rate. That is, by gross 
examination, x-ray photographs (fig. 1) and microscopic examination 
we were not able to detect anj'^ difference between the healing of frac- 
tures in the sympathectomized and the nonsympathectomized extremities. 
The same was true of the bone defect. On microscopic examination, 
there appeared to be considerable vascular dilatation in the region of 
the fracture in some of the sympathectomized limbs, but the same was 
true of the vessels in the vicinity of the fractures in the control limbs 
of the same animals. 

It is further to be noted that the operation of sympathectomy was 
not followed by any demonstrable difference in the bones of the 
extremity which were not operated on. If it is true that increased 
circulation leads to absorption of bone (Leriche and Policard we 


12. Ranson; 


An Introduction to a Series of Studies on the S 3 'mpathet!C 
Nervous System, J. Comp. Neurol. 29:305, 1918. Ranson and Billingsley: The 
LperTor Srvical Ganglion and the Cervical Portion of the SympatheUc Trunk, 

''''^"Lfrkhe^R.; and Policard, A.: The Normal and Pathological Physiology 
of Bone, St. Louis, C. V. Mosby Company, 1928. 
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should lincl atropliy of all of the hones of the syiiipathcctomized extremi- 
ties. However, careful study of these hones by roentgen and micro- 
scopic examination failed to reveal any difference in density between 
those of the sympathectomized and the control limb. 

HK.AI.ING or CAKT1LAG1-: AKTKU SYMPATHECTOMY 

The Literal lire . — In 1927, Rowntree and Adson reported obser- 
vations on cases of chronic "infectious” arthritis after sympathectomy. 
The advisability of this operation is still sub judicc; however, the 
authors believe that in certain carefully selected cases of chronic 



Fig. 1. — Here are shown x-ray photographs of the ulnae of cats after osteoto- 
mies (in each instance the figure on the left is from the sj'mpathectomized limb 
and the one on the right is from the control) ; 1, nineteen days ; 1 a, control. 
2, thirty-five days ; 2 a, control. 3, forty-one days ; 3 a, control. 4, fifty-one days ; 
4 a, control. 5, sixty-four days. 5 a, control. 6, seventy-four days ; 6 a, control. 

“infectious” arthritis sympathectoni}' is indicated and offers a chance 
of considerable improvement in cases that have not responded to other 
forms of treatment (Hench, Henderson, Rowntree and Adson ’°). 

14. Rowntree, L. G., and Adson, A. W. : Bilateral Lumbar Sympathetic Gang- 
lionectomy and Ramisectomy for Polyarthritis of the Lower Extremities, J. A. 
At. A. 88:694 (March S) 1927. 

15. Hench, P. S. : Henderson. M. S. : Rowntree, L. G., and Adson, A. W. : 
The Treatment of Chronic “Infectious” Arthritis by Sympathetic Ganglioncctomy 
and Trunk Resection, J. Lab. & Clin. Med. 15:1247 (Sept.) 19.10. 
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1 lu'ir ()l).sorvali()n.s ux-tv limited (o clinical eases because the cause of 
ciu-ouic arthritis is still uukuowu and the typical disease has not yet 
heeu i)roduced iu experimental animals (Key"'). Consequently, it is 
not possible to determine in experimental animals the effect of any 
form of therajiy on this condition. 

Ilo\\e\ei, one of us (Ivey*') has shown that if a rectangle of the 
articular cartilage is removed from the ])atellar surface of the femur of 
labbits, in a large jiercentage of the animals a chronic progressive 



Fig. 2. — X-ray photograph of the hind limbs of a living cat taken after the 
injection of 1.5 cc. of 100 per cent sodium iodide into the abdominal aorta. Ten 
weeks previously a left lumbar sympathectomy had been done. The arterial system 
of the left limb is still greatly dilated as compared with that of the right. 


arthritis will develop in the knee operated on. Consequently, it was 
decided to determine the effect of sympathectomy cn this type of experi- 
mental arthritis. 


16. Key, J. A. : Pathogenic Properties of Organisms Obtained from Joints m 
Chronic Arthritis, Proc. Soc. Exper. Biol. & Med. 26:863, 1929. 

17 Kev T A • Experimental Arthritis: The Changes in Joints Produced by 
Creating Meets in the Articular Cartilage, J. Bone & Joint Surg. 13:725 (Oct.) 

1931. 
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Motcrials and Methods . — lii this series of experiments a rectangle 
of cartilage a])proxiniately 3 hy 5 mm. was removed from the patellar 
surface of the femnr in each knee joint of a series of thirteen cats, 
klither at the time of the operation on the knee or from one to two 
months later, left lumhar sympathectomy and splanchnotomy were per- 
formed on these animals. 'I'hey were then killed at intervals of from 
six to twelve months after the operation on the knee, and the knee 
joints were studied in the gross and microscopically. 

Results . — .As well as we could determine by gross and microscopic 
examination, the cartilage healed in practically the same manner and at 
])ractically the same rate in the sympathcctomized limb and in the control 
joint of the other leg of the .same animal. In all of these animals the 
defect tended to heal by fibrous tissue, and in some instances partly 
by regeneration of the cartilage, and there was no evidence of the 
expected chronic arthritis developing in any of the cats such as one of 
us (Key) has described in rabbits after similar defects in the articular 
cartilage. 

COMMENT 

It has been demonstrated (Moore, Williams and Singleton^®) tint 
lumbar sympathectom\- and splanchnotomy as performed by us result 
in a vasodilatation in the corresponding hind leg which lasts for at least 
ten weeks and which is sufficiently marked to be visualized in x-ray 
photographs of both hind legs talcen after a 100 per cent solution of 
sodium iodide has been injected into the abdominal aorta (fig. 2). It 
is thus evident that the operation as performed on our animals is an 
adequate test as to whether or not sympathectomy influences the healing 
of cartilage in the extremities operated on. 

We were led to perform these experiments on cartilage largely 
because of our interest in chronic arthritis. It has been shown by one of 
us (Key) that if a rectangular defect is created in the cartilage on the 
patellar surface of the femur in rabbits, these animals may be expected 
to develop a progressive chronic arthritis in the joints operated on. 
Much to our surprise, none of the cats operated on developed arthritis. 
At the present time we are not able to explain this difference in reaction 
between the two animals. It cannot be explained on a basis of the 
rabbits being more active, because the cats were all kept together in a 
large cage and their activity was in no way restricted. It is possible 
that diet may have something to do with it, as the cats were fed an 
almost pure meat diet while the rabbits were fed a vegetable diet, but 
it is probable that the joints of rabbits are merely more liable to undergo 
pathologic changes than are those of cats. 

18. Aloore, R. M. ; Williams, J. H., and Singleton, A. O., Jr.; The Peripheral 
Course of Vasoconstrictor Fibers as Revealed by a Radiographic Method, .Arch. 
Surg., this issue, p. 308. 
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\\ f have heeii al)Ie to prorliice a siniiJar. though less mariccfl. arfliritis 
in (loj^s by tlic creation of defects in the arlicnlar cartila!<c. Thus it is 
seen tliat (ln,i,r.s fjccnpy a place midway between cats and rabbits. We 
c.\|)cct to ti_\ onl the idlect of .sympatliectoni}' on I'cabbits and dogs in 
which defects have been created in the cartilage of both knees in order 
to determine whether or not .sympathectomy has anv influence on the 
production of the arthritis. 

-\t ]ii esent oin experimental observations oiler no support for. or 
evidence against, the use of .sym|)athectomy in the treatment of chronic 
arthritis. Jlowever, in the experimental animals we could detect no 


difierence between the joints of the .sympathectoinized limbs and those 
of the controls on the other sides of the same animals. 

In our ex]K'rimcnts on bone healing we first resected ])ortions of 
the fibula and bored holes in the tibia in the legs of cats that had been 
subjected to abdominal sympathectonw. '] hesc experiments gave nega- 
tive results. However, the fibula is such a small bone that we did not 
consider the negative results as of much value. Likewise, the healing 
of the drill holes in the tibia were not considered an adequate test as 
to whether or not sympathectomy might influence osteogenesis. Conse- 
quently, we were forced to j^erform our operations on the bone on the 
fore leg, as it was necessary to have an adequate control on opposite 
sides and the fore leg is the only place in an animal where it is possible 
to operate on a relatively large bone on both sides and have adequate 
splintage and no crippling. 

Uiifortunatel3% the sodium iodide method was not applicable for con- 
trolling the effect of sympathectomy on the blood vessels in the fore leg. 
The iodide is quite toxic to the nerve centers, and the animal survives 
its presence in the abdominal aorta only while the aorta and the vena 
cava are clamped above the site of the injection. It is not possible 
to make a simultaneous injection into both fore legs without permitting 
the sodium iodide to enter the central nervous system, and this causes 
death of the animal and vitiates the result. However, since it has been 
demonstrated that the operation as performed severs all of the sympa- 
thetic fibers to the fore leg (Ranson) there is no doubt but that our 
experiments have been adequate to produce vasodilatation in the sympa- 
thectomized limb. 


Our experiments demonstrate that in normal animals with fresh 
fractures sympathectomy that results in prolonged dilatation of the 
blood vessels of the limb operated on has no influence on the healing 
of fresh fractures and bone defects, but this does not rule out the 
possibility that sympathectomy may not be of value m some cases of 
delayed union. However, this has yet to be demonstrated m other than 
clinical observations which are open to question because they are not 
controlled. In a case of delayed union it is rarely possible to say 
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wIk'IIkt nninniion will or will not occur. Likcwi.sc. it will be difficult 
to pnwc this ]>oint e.spcriincntally. because in experiuiental animals in 
which larec defects sufficient to cause nonunion are created our obser- 
vations reveal no jirohahility that sympathectomy may stimulate oste- 
ogenesis and cause union to occur. 

C0.\'CLi:S10NS 

1. Sympathectomy has no influence on the healing of fresh fractures 
or fresh hone defects. 

2. .Sym])<athectomy has no influence on the healing of defects in 
articular cartilage. 
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A. RADEMAKRR, M.D. 

Miii.Aor.t.riiiA 

1 lie occuifciice (jl oiiic'iit.'il and intestinal aillicsions after laparotoni}' 
has been a source of trouble ever since asepsis permitted the surgeon to 
open the peritoneum, and frequently these adhesions give rise to more 
acute syinjitoms than the condition for which the operation was done. 
At first adhesions were recognized only by the occurrence of intestinal 
obstruction, but later surgeons noted that a picture of dull, dragging 
pain or of partial obstruction after a laparotomy was the result of the 
presence of omental bands and intestinal adhesions. 

Many theories have arisen as to the etiologic factors concerned in 
the production of adhesions, although little experimental work has been 
done. Every surgeon is familiar with the protective action of omentum 
and of fibrinous e.xudate in the walling off of infection or perforation. 
Without this protective action, the mortality resulting from many proce- 
dures would be considerably greater than it is. It is only when these 
adhesions form in excessive amount, fail to absorb or form in detn'- 
inental positions that they lose their beneficial properties and become a 
menace to health and to the success of the operation performed. Thus 
in man)f instances adhesions of omentum that successfully wall off a 
ruptured appendix after operation may cause symptoms and even 
obstruction at a later period. MoreoA^er, the question has often arisen 
as to why among persons subjected to similar technics and similar opei'a- 
tive procedures symptomatic adhesions should develop in a certain num- 
ber while others are free from them. 

Infection and trauma have long been conceded to be important fac- 
tors in the production of adhesions, and the etiology of the early or pro- 
tective adhesions seems generally accepted as being due to these factors. 
The cause of the hardened or detrimental adhesions is much less under- 
stood. Factors of origin, of reabsorption and of disappearance enter 
into the question, and make the etiology even more complicated. 

From conjecture and experimental evidence Avo conclusions seem 
possible : that adhesions are primarity formed by trauma on which irrita- 

From the Surgical Division (Service B) and the Laboratory of Research 
Surger3^ University of Pennsylvania. 
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tinii hy clu’inicals or liacloria is superimposed, and that the further 
jirocesses of alisorjitioii are hy means of phagocytosis and the action of 
proteolytic eiir.ymes. W'e Iiave as yet no means to determine why reso- 
lution occurs in some early adhesions while others develop into hard 
and detrimental tyjies, nor can we explain the adhesions occurring in the 
so-c, ailed “clean" cases in which aseptic technic is used, since trauma 
alone, unless severe enough to admit bacterial contamination, will not 
])roduce adhesions. 

The mechanism of production, the. morphology and the development 
of abdominal adhesions have been so well described by Ladwig ^ in a 
recent article that additional details would be almost superfluous. His 
study exiflains many of the phases of adhesions noted clinicall}^ — in the 
formation, resorption, late disappearance and reformation after release 
by operation. Thus the readiness with which earl}^ and fresh adhesions 
may be broken up and their readiness to hemorrhage are easily under- 
stood from his description of the earl}' adhesion in which are found 
many blood vessels with little fibrous or fibroblastic material, but much 
fibrin, exudate and edema with fatt}' tissue as a network. The later 
firmness of adhesions is readily explained by the additional presence of 
collagenous and elastic fibers, which occur only in certain adhesions, 
while others remain in the network stage or recede. Finally, the fact 
that real s}'mptoms occur at various intervals after formation of these 
adhesions is explained by the contraction and condensation of these 
fibers, but much more by the results of repeated trauma to adhesions, 
which causes regrowth of more and more fibrous tissue. Ladwig has 
demonstrated old and organizing blood clots and nests of fibroblasts in 
old adhesions which suggest strongly the effect of repeated strains or 
trauma to the adhesions. This explains, too, the tendency of symptoms 
of adhesion to exacerbate rather than to decrease or disappear. If the 
trauma is severe enough, adhesions of this type may conceivably be torn 
free and the symptoms disappear. According to Ladwig’s work, there- 
fore, the adhesions of protection are the adhesions of the first stage of 
exudate, fibrin and edema, and all further stages are of no value or are 
malignant in action. 

Ladwig further gave basis to explanations of resorption, in the 
demonstration of phagocytic action and even necrosis in first stage adhe- 
sions. He expressed the belief that proteolytic or autol3'tic enzymes are 
also present to cause the resorption of the adhesions. Recurrence of 
adhesions may also be explained by the presence of the nests of fibro- 
blasts in old adhesions which are stimulated by any further trauma. 

Basing our views on the fact that adhesions are found in almost all 
cases of infection of the peritoneum, we felt that infection was the 

1. Ladwig, A.: Arch. f. klin. Chir. 151:1. 192S. 
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l.Ktdi in tlu' so-c.'ilkvi “dean" eases, ,\i] e.xjjerinicnt was 
aeeonlins^Iy devised to determine tlie efl'eet of infection of \vounds in the 
production of adhesions in noncontaininaled or "dean" cases. 


t>iiiiica-i)i«.v were eli(.,>.eii n.s the e.xperimeiila! aiiiiiinl.s imriinlly hccaiJ.se of their 
e.'ctremely small and thin omentum and partially hecanse of the lack of adhc.sions 
ohser\ed dnrinp: e.\periments of another type. Thirty gninea-pif^.s were used, of 
an average weight of 500 (ini. Tlie ahdomen was clii)()cd, shaved and carefully 
sterilized. .-Xn intraperitoneal injection of sodium amytal, shown by Lacev to pro- 
duce no adhesions, was given to anesthetize the animals. ,'\n incision was then 
made with all sterile jirecantions, 1 cm. to the right of the midline in the lower 
right ((iiadraiit. J lie mtiscles were gently dissected down to the peritoneum. Great 
caution was taken to jirevent opening or traumatizing of the peritoneum. The 
muscles were gently liftetl free from the iJeritonenm laterally for about 1 sq. cm. 
In the space was jilaced a hit of gauze 0.5 cm. square and four layers in thick- 
ness. In one series the gauze was sterile; in another it was dipped in 5 per cent 
tincture of iodine and moderately dried before insertion, and in the final series it 
was diiijied into a twenty-four hour broth culture of Bacillus coli, moderately dried 
and put into place without coming into contact with any surrounding structures. 

1 he muscles were then closed in layers by continuous sutures of 000 chromic 
catgut, and the skin was closed with silk. 


After o])cration the series with sterile gauze showed some redness of 
the wound with slight edema and swelling which lasted only from 
twenty-four to forty-eight hours, the wound then healing uneventfully. 
The series in which iodine was used showed a more severe reaction, but 
the wound did not break down or show infection ; the redness and 
swelling increased and disappeared in a week or ten daj'S. The last 
series, as is to be expected, showed infection and abscess in all but two 
instances. In three the gauze was completely extruded. The mean 
reaction consisted of an abscess about 1 cm. in diameter, the center 
breaking down and healing in three weeks. The most severe reaction 
was a large abscess about 2.5 cm. in diameter with a crater of 1 cm. 
This abscess did not heal in eight weeks. 

The animals were killed in from eight weeks to three months. The 
abdomen was opened on the left side, and the abdominal wall gently 
rolled over to reveal whether adhesions were present. The results were 
as follows : 

No. of No 

Animals Adhesions Adhesions 


Sterile gauze 

Tincture of iodine 
B. coli 


10 0 10 

10 1 9 

10 0 4 


In each instance except those in which the gauze had been extruded, 
it was located and fonnd tight against the peritoneum. The a^es.on 
nroducec! by iodine was firm and consisted of omentum. In the final 
Lies the seminal vesicle was twice adherent to the scar and 
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oim'iinini lliroc linu's. and in one experiment willi a iart^e ai).scess there 
were adhesions of the colon, several loops of the small intestine, the liver 
and the omentmn. ( M' the four animals in this .series in which no adhe- 
sions occurred, two had no wonnd abscess and two had moderate 
abscesses, one of which had not ()uite healed in three months. 



Fig. 1. — Section of human adliesion showing fibrous tissue and network of fatty 
tissue. 


These results seemed to confirm the theory that infection is a large 
etiologic factor in the production of adhesions, and a survey of clinical 
cases was then made to trace the influence of this factor. It was 
obviously impossible to study the follow-up reports of all Ia]tarotoinies 



.lucmi-ns or soRai-Rv 
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wliicli n n7\ ' * I ' tluTffoic .-ilialyzcd only lliosc cases in 

omcnl il '^11 '■ .-nllicsions were nilccl out and only 

oincm.il .ulhesions l„ ,l,c parietal wall were cliosen. A total of forty-two 



Fig. 2. — Section of human adhesion showing nest of fibroblasts. 


cases were reviewed in detail. An accurate history as to infection of the 
wound and drainage was available in eA'erjf instance from tlie records 
of the previous operation. In thirty-five of this series of forty-two 
patients operated on for symptoms caused by adhesions, drainage had 
been used, and in seven the operative procedure did not require drainage. 
While the use of a drainage tube does not necessarily imply the presence 
of infection, as in cholec3fStectomy for instance, the presence of a for- 
eign body by reason of its potential infection from within tlie abdomen 
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(ir rotrni^radc from skin or drossinjis bnni,'s tiicsc cases in the infected 
itianip. Greater interest lies in the group of seven cases in which the 
wound was closed without drainage, hecansc in six of the seven the 
record showed pnsto])erative infection of the wound. 



Fig. 3. — Section from animal. Omental adhesion from tincture of iodine at 
attachment to parietal wall. 


Thus in forty-two patients operated on for symptom-producing post- 
operative adhesions, only one had no drainage or wound infection, and 
of seven patients without drainage all but one had wound infections. To 
establish this point further morphologic and cultural studies were made 
in order to detect the presence of infective agents. 
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Scclions <if luniinn material were made. We could ea.sily demon- 
strate the network and the collagenous lihers as illustrated in figure 1 and 
the nests of lihrohlasts described hy Ladwig ( (ig. 2). hut careful stain- 
ing and search revealed no micro-organisms. Cultures of tissue removed 
at oiieration. immediately immersed in warm saline .solution and later 
transferred to warm bouillon have twice yielded staphylococci in recent 
adhesions. All other cultures have been negative. The factors of con- 
tamination are relatively large in considering absolute bacterial asepsis in 
the ])re])aration of these cultures, hut the ])ositive findings in these two 
cases may have significance. 

Comparison of the structure of the adhesions produced experi- 
mentally hy iodine and of those produced hy infection reveals no funda- 
mentai difference, except that the fibers of the infected adhesions go 
more deeply into the muscle layers of the intestines, and the direct con- 
tinuity of line is lost hy reason of the processes of infection in the over- 
lying muscle layers with their fibrous tissue reaction (figs. 3 and 4). 
Here again, nests of fibroblasts and fibrous tissue could easily be demon- 
strated. No bacteria could be demonstrated in sections of animal 
adhesions when the animals were killed three months after operation ; 
cultures were not made, however. 

COMMENT AND CONCLUSIONS 

We have presented the point of view that the primary etiologic 
factor in the production of postoperative adhesions is infection. An 
experimental study has been cited to confirm this conception. In a 
clinical survey we have demonstrated that intra-abdominal infection and 
wound infection are primary factors in causing symptomatic adhesions 
for which secondary operations are necessary. Finally, the morphologic 
structure of adhesions has been illustrated. 



A NEW SURGICAL PROCJCDURE FOR ACUTE 

PAX’CREATJTJS 


RMPORT OF SIX CASKS 

H. H. HAYNES, ^r.D. 

CI-AUKSnURO, \V. VA. 

Case 1. I he first i)atieiU was a man, aged 51, who became acutely ill one 
da\ before admission to tiie hospital and on admission presented an acute surgical 
abdominal condition with distention, generalized tenderness and rigidity. He was 
immediately operated on under ether anesthesia. When the abdomen was opened, 
a large amount of brownish fluid was encountered. Fat necrosis was present, 
and the pancreas was enlarged and indurated. 

The pancreas was drained by the transgastrocolic omental route, from the 
anterior surface of the pancreas, with a tube drain and a battery of cigaret drains. 
It drained freely for two days, but on the third day the drainage bad practically 
ceased; under primary ether anesthesia the sinus for drainage was enlarged bj' 
blunt dissection, but satisfactory drainage was not obtained. Two days later, 
under local anesthesia, the gallbladder was drained. The bile was slightly darker 
than usual, but no stones or otlier lesions were found. The patient became 
progressively worse, and expired thirty-six hours later. 

This case, as far as I am able to judge from the standpoint of early admission 
and general physical condition, was the best surgical risk of the series. 

Apparently inadequate drainage was the chief cause of failure, although I 
had provided as much drainage as any textbook that I have seen recommends. 

Case 2. — The second patient was a man, aged 24, who wliile at dinner was 
suddenly seized with severe epigastric pain, accompanied by vomiting, chills and 
perspiration. He was admitted to the hospital the following day at 9 p. m. On 
admission there was slight distention of the abdomen, with tenderness and moder- 
ate rigidity in the epigastrium. 

Immediate laparotomy was performed through an upper right rectus incision. 
There was marked fat necrosis, and the pancreas was definitely enlarged. No 
associated biliary lesions were found. 

This was the first patient in whom the pancreas was drained by the method that 
will be described later in this paper. There was profuse drainage for eight days, 
which diminished gradually. After the first few days the patient steadily improved; 
he was discharged twenty-two days after the operation. He made a complete 
recovery and is now enjoying excellent health. 

Case 3.— The third patient was a woman, aged 32, who became ill five days 
before admission to the hospital. She had severe pain in the upper left quadrant, 
nausea and vomiting, and on entrance to the hospital was profoundly shocked, 
mentally confused and cyanotic. Her general condition was so grave that it 
seemed practically useless to submit her to an operation. 

When the abdomen was opened, a large amount of serosanguineous fluid was 
present in the peritoneal cavity, with numerous areas of fat necrosis. le 
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i("r! rilldl wiili a luavy cMnIato, ami tltc fja'-tniCDlic and 

I'M’a'ii' ■•mnliitnv wric ajip-it rnlly on liic vct'pr ol nccrotis. Xo associated 
li'.liaty vrir ionnd. 

I'tainai.T "i tlir Ic'-'-ci cavity wac r>-ialdi<-lird tlirnnpli tile Rastrolicpatic 
onirntnin; tin- ixoirtior sttrfarc of tin- pancreas was bcinp drained, llic 

rmec! \\a>- intiodnrcd int>> ibr Ic'-scr peritoneal cavity I)y breaking titroiigli tlic 
j'c ritoiu tnn at tbr npper bolder of tltc pancreas. 

Drainaec was piofnsr; six flays after oiieratu'n food began to appear in the 
lirain.tec. anti for ten fl.i\s leakage of footl continnefl, wbicb innst have been due 
to sloiipbing of tltc posterior wall of tbc stoniacb. This patient made a slow 
recovery and was in tbc bospital forty-three days. 

Site reported ti' me .alvnit two montbs ago, in good physical condition, and 
stateti that she “felt as well as site ever did." 

C.vsf. — Tlte fourth iiatient was a man. aged 40, who bad been ill five days 
with acute pain in tbc tipper part of the abdomen, wbicb was not relieved by 
moritbinc. He bad bad a similar attack two months before presentation, which 
lasted twft days. On admission to the hospital be was acutely ill, with moderate 
cyanosis and a rapid and thready pulse. 

Laparotomy was immediately performed. A large amount of chocolate- 
colored fluid was found in tbc peritoneal cavity. Tbc pancreas was swollen and 
fliscolorcd. with many bcmorrltagic areas over the entire gland. The wall of the 
gallbladder was thickened, contracted and adherent to the omentum. When the 
gallbladder was opened, a thick, dark bile and numerous small stones were 
found. 

The pancreas was drained from its posterior surface, and the lesser peritoneal 
cavity was drained by breaking through the peritoneum at the upper border of 
the pancreas. The gallbladder was also drained. 

The pancreatic drainage was almost unbelievably profuse and shotved little 
sign of diminishing until the third week. The patient made a satisfactory recov- 
ery after remaining in the hospital forty' days. 

He reported two years later ; his general health was good, except for occa- 
sional attacks of moderate pain in the right hypochondriac region and tender- 
ness in the region of the gallbladder. 

Case 5. — The fifth patient was a man, aged SO, who entered the hospital 
because of intense pain in the upper part of the abdomen, which began eight 
days before entrance to the hospital, but which had greatly increased in severity' 
during the last seventeen hours before admittance. This patient had marked 
arteriosclerosis ; the blood pressure was 180 systolic and 102 diastolic. There 
was marked tenderness in the entire right side of the abdomen, and rigidity was 
pronounced. 

An immediate exploratory laparotomy was performed. The abdomen con- 
tained approximately a pint of a serosanguineous fluid. There was a widespread 
peppering of fat necrosis. The pancreas was enlarged and boggy', and was 
hemorrhagic throughout. There was also a postperitoneal ecchymosis along the 
cecum. No associated biliary lesion could be made out. The pancreas was 
drained by the method to be described. 

There was profuse drainage in this case, and the patient made satisfactory' 
improvement until the ninth postoperative day', when the incision opened and was 
immediately' closed. The patient had an uneventful convalescence, and was dis- 
charged from the hospital twenty'-seven day's after admission. 
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c.\si: r).— 'I'lic .M’xfli paliciit was a man. afjcd 50. who for several years liacl 
liad periodic attack's of severe pain in tile region of the fiallhladder, with nausea 
and /'lie last attack occurred one month before admission to the 

lio.spitai. Mis present illness heijan one flay before admission with excruciating 
pain in the upper right (|nadranl, which was only parth' relieved by repeated 
hf'podermic injections of morphine. The patient had par.'iplegia of the lower 
extremities, which luid been jiresenl since an injury to the .spine in 1907. 

On admission the jiatienl was in visible distress, with pain and tenderness of 
the upper right (jn.'idrant and to a lesser degree of the upper left quadrant. 

When the abdomen was opened, a large amount of serous fluid was found free 
in the abdominal cavity. The pancreas was enlarged and more firm than usual. 
There were a number of old. firm adhesions abant the gallbladder. No gallstones 
were found. 

The pancreas was drained by the method to be described. 

He made an uneventful recovery and remained in the hospital for twenty- 
three clays. This case was referred to me, but in 1113- absence the operation was 
performed by Dr. H, E. Sloan and my associate, Dr. C. C. Greer, both of whom 
were familiar with the method of drainage described. Although neither of them 
had performed drainage b3' this method before, the\' stated that it was easily 
and quickly done. 

After failure in lu}' first case, when the surgical risk was apparently 
good, and when I had carefull}' followed out the well recognized trans- 
gastrocolic route of drainage with a battery of tubes and later drainage 
of the gallbladder, and then had lost the patient from what I believed 
to be inadecpiate drainage, I made a careful study of the anatomy in 
the region of the pancreas from textbooks, Edinburgh stereoscopic 
anatomy and cadaver, and decided that drainage from the posterior sur- 
face could be znore easil}’’ and adequately obtained than from the superior 
or inferior surface. 

With this in view I worked out the following method, which is 
decidedly difficult to describe and illustrate, but which is simple and 
easy to perform. 

In this series not one case was positivel}'^ diagnosed before operation, 
and in only three cases was pancreatitis suspected. 

The symptoms usually suggested an acute pathologic condition of 
the upper right quadrant of the abdomen, and a right rectus incision 
was made in every case. 


OPERATION FOR DRAINAGE FROM THE PO.STERIOK SURFACE OF 

THE PANCREAS 

A liberal right rectus incision is preferred. Before drainage is establisbcd. 
associated lesions should be located, and the peritoneal toilet completed. The 
pancreas is easily exposed by lifting the transverse colon and omentum. It is 
easilv recognized bv the characteristic pinkish color, if normal, or by the path- 
ologic changes, if acutely diseased. The head of the pancreas rests m the curve 

of the duodenum ffig. !)• 



I'ic. 1. — Tl!c locntion of tlic drainn.uc lubes willi relation to the pancreas and 
tlie dnodennni. 



Fig. 2. — The right index finger is shown freeing the posterior surface of the 
pancreas, preparatory to drainage, with left middle and index fingers on anterior 
and inferior surfaces acting as guide. 
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On tlie lower portion of tlic head, a little to the mesial side, there is usually 
a small area of peritoneum which is practically free from blood vessels. At this 
point the peritoneum is incised, and a blunt hemostat or dissecting scissors is intro- 
duced, and the dissection is carried down under the peritoneum to the line of 
cleavage between the pancreas and the duodenum. The line of cleavage is opened 
carefully in order not to wound the duodciuiin or pancreaticoduodenal vessels. 

After this space has been opened sufficiently to admit the index finger, the 
remainder of the dissection is made entirely with the finger, and the pancreas 
is raised out of its normal position. With the inde.x and middle finger of the 
left hand as a guide (fig. 2), it is easy to open the space immediately' behind 
the head, body' aiid tail of the pancreas or any part of it that the operator may 



Fig. 3. — The method of draining the pancreas, showing the tube anchored to the 
peritoneum with no. 0 plain catgut suture. 

desire. If there is a sufficient amount of inflammatory product in the lesser 
peritoneal cavity to necessitate drainage, it can be easily established by break- 
ing through the peritoneum at the upper border of the pancreas. This is easily 
done with the finger, because bringing the pancreas forward puts the peritoneum 
at this point on tension. The opening is in the posterior wall of the lesser 
peritoneal cavity. 

In two of the foregoing cases I did this and placed a drain directly into the 
lesser peritoneal cavity. 

When making this dissection with the finger, it must be remembered that 
there are many important structures in this region. The most important of 
these are the portal vein, superior mesenteric artery and vein, pancreaticoduodenal 
vessels and duodenum. A safe rule is to keep the dissecting finger as close to 
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Fig-. 4. — The transverse colon brought into normal position, and the omentum 
draped around the drainage tubes. 


Fig. S. — Schematic drawing of the tube drain along the posterior surface. A 
indicates retropancreatic space produced b 3 - dissection with finger ; B, drainage 
tube ; C, pancreas, and D, transverse mesocolon. 
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the puslerior surface uf tlie pancreas as pussiljle, kee[)inf,' the pancreas between 
the index and middle (in.eers fif the *>()positc hand and bringing the iiancreas for- 
waid caieftdly, avoiding any unnecessary dislnrl);ince of the retroperitoneal 
tissues. 

I his space slionld lie opened tlioronglily Iieliind all the areas that arc thought 
to I)e inflamed; if in doubt as to how much to open, it is Ijcttcr to open too much 
than too little: tliis space may he drained ecpially well by different methods. 

1 he method I have used is to place a good-sized tube drain along the posterior 
surface, as shown in figure 1 and in the schematic rlrawing, figure 5, and a 
cigaret or Penrose tubing directly behind the head of the pancreas (fig. 1). The 
tube is anchored to the peritoneum with no. 0 plain catgut suture, as shown in 
figure 3. 

I he transverse colon is brought down to its normal position, and the omentum 
is draped carefully around the drainage tubes (fig. 4). 

In closing the abdominal wall, the drainage tubes are brought out at an easy 
curve to prevent k-inking. 

Drainage following the operation varies with the severity of the case. When 
the drainage is profuse, after the third day I introduce a catheter through the 
drainage tube and irrigate with a nonirritating, sterile solution. After the fifth 
or sixth day the tube is removed, and irrigation is made through the sinus tract. 
After cleansing and sterilization, the tube is replaced. 

None of the five cases drained from the posterior surface, as 
described, has presented any symptoms that could be attributed to lack 
of drainage. If drainage is the chief object of the operation, it seems 
that this method has decided adt'antages over any other method that I 
have been able to find. In no case has it been necessary to clamp or 
ligate any bleeding points about the pancreas. 

The following are all the methods found in m}^ limited library and in 
a review of the literature: transgastrocolic omental route, transgastro- 
hepatic omental route, infracolic omental route, drainage through fora- 
men of Winslow and loin drainage. 

None of these methods furnish adequate drainage to the retroperi- 
toneal space. 

The main advantage of the procedure hei'e described is that it 
affords : 

1. Better opportunity to palpate the gland, thereby yielding a much better 
conception of the pathologic changes and points where drainage is most essential. 

2. Better drainage (more dependent drainage). 

3. Less hemorrhage. 

4. Fewer postoperative adhesions. 

5. Easier performance. 

In my opinion this method of drainage, in the hands of competent 
sui-creons. will materially reduce the mortality from acute pancreatitis. 
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In some countries the deep nu'coses are called surgical mycoses. 
Presenting, as they do at times, a surgical problem, the report of a case 
of Madura foot seems apiiropriate, as the surgeon is most likely to see 
such conditions in the initial stages of the disease when the diagnosis 
is most difficult. 

The term “Madura foot’’ was coined by the natives of India to 
designate a deformity of the foot most commonly seen in the vicinity 
of Madura, a town situated in the southern part of Deccan, at the foot 
of the Eastern Ghats. When Vand 3 'ke Carter, ‘ in 1860, established 
the fungous nature of the condition, he introduced the term “myce- 
toma” — tumor due to a fungus. This prominent English author in later 
years recognized the close resemblance of the condition to actinom}'- 
cosis. During the following decades, a number of widety different 
fungi were thought to be the cause of mycetoma, and the subject of 
Madura foot became more and more confused because there was not a 
clear conception of the term. After the preliminary work of Brumpt " 
and Pino 3 %^ Chalmers and Archibald,^ in 1916, gave a definition that 
permits a more' exact differentiation from allied conditions. 

From the Department of Orthopedic Surgerj-, School of Medicine, University 
of Maryland, Baltimore, and the Department of Dermatology and Sj'philologr' of 
the Lakeside Hospital and of the Western Reserve Universitj', School of Medi- 
cine, Cleveland. 

1. Carter, Henry Vandyke: Tr. M. & Phys. Soc. 6:104, 1860, quoted by 
Castellani, A., and Chalmers, A. J. : Manual of Tropical Medicine, ed. 3, New 
York, William Wood & Company, 1919. 

2. Brumpt, E. : Les Mj'cetomes, Arch, de parasitol. 10:489, 1906. 

3. Pinoy, E. : Actinomycoses et MA'cetomes, Bull. Inst. Pasteur 11:929 and 
977, 1913. 

4. Chalmers, A. J., and Archibald, R. G. : A Sudanese Maduromycosis, Ann. 
Trop. Med. 10:169 (Sept.) 1916. 
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\Vc do not wisli to i^o too nuicli into detail, as one of us '' in recent 
jeais leviewed tin’s subject elsewiiere. Jt will be sufficient to state, 
tben, that a mycetoma is a t^rowth or granuloma characterized b}”^ sinus 
formation. White, yellow, black or red granules made up of fungous 
elements are found either in the discharge or embedded in the patho- 
logic ti.ssue. 

J be presence of definite granules differentiates the mycetomas from 
other mycoses such as pseudomycctomas and param3'’cetomas. Chalmers 
and Archibald ' subdivided the nn'cctomas into: ( 1 ) actinomycoses, 
or those forms of nyveetoma with granules composed of fine nonseg- 
niented mycelial filaments in which usuallj'^ the walls are not clearly 
defined from the contents and in which cblamj'dospores are absent, and 
( 2 ) maduromycoses, or those forms of mycetoma with grains composed 
of large segmented mycelial filaments possessing well defined walls, and 
usually cblamydospores. 

It is obvious that the actinom3'cotic t3'pe of m3'cetoma is nothing 
but an actinom3'cosis of the foot and should not he separated from the 
actinom3'COses in general. It is equall3' obvious that madurom3"coses 
ma3'^ occur in an3' part of the bod3% just as the actinom3TOses do. 

As knowledge of the etiolog3' and experimental patliolog3" of in3’^ce- 
toina is in a state of constant er'olution, it is not astonishing that this 
classification alread3" has become somewhat obsolete. There are actino- 
n:3^coses known in wJjich grains (“sulphur granules”) are absent. In 
fact, it is doubtful whether one is justified in still making the presence 
of grains composed of fungous elements the criterion b3'’ which one 
differentiates the deep in3'^coses, since Tarozzi and Barbanti ® demon- 
strated that it is possible to produce experimentally the picture of 
m3"cetoina with one of the best known surface parasites, Achorion 
schoenleinii. In keeping with the etiologic classification of diseases in 
other fields of medicine, the mycologic standpoint seems the only logical 
one. But most fungi found in m3'cetoma are fungi imperfecti or hypho- 
mycetes, the botanic position of ydiich is rather problematic and b3^ no 
means final. Therefore, the classification of Chalmers and Archibald * 
still gwes the clinician a satisfactory lead in solving his m3^cologic prob- 
lems and in classif3dng the m3’'coses. 

It is evident from the preceding paragraphs that Madura foot is 
merely a clinical term and synonym for mycetoma of the foot. It does 
not impty an3'^ information as to the etiolog3^ except as to the fungous 

5. Gammel, John A. : The Etiologj' of Maduromycosis : With a Mycologic 
Report on Two’ New Species Observed in the United States, Arch. Dermat. & Syph. 
15:241 (March) 1927; Der Madurafuss, Zentralbl. f. Hauf- u. Geschlecbtskr. 29. 

393 1929. • A ■ t 

’ 6. Tarozzi. G., and Barbanti, R. : Actinomicosi e Monosporosi, Atti. d. r. 

*\.ccad. di sc. lett. ed arti, Modena, sez. sc., s. 3a 12:321, 1916. 
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oripii niul tlic presence (if i^rannles. 'J'lic inacluroinycoses or “true 
mycetomas" (Pinoy, 1913) arc of greater interest than the actinomy- 
coses on account of the variety of fungi found in this type of mycetoma. 
■^I'et the clinical and iialhologic pictures produced hy these organisms, 
belonging to three different classes of the vegetable kingdom, are quite 
uniform. Ten genera harbor fungi described as causes of madurom3xo- 
sis: Madurella. Indiclla. Glenospora. Monosporium, Torula, Alleschc- 
ria, .Aspergillus, Sterigmatoc\’stis. Pcnicillium and Alucor. All of these 
molds have one common feature: In their defense against unfavorable 
conditions in the host or in culture they are able to form granules of 
various sizes, sluqies and colors. These granules are composed of 
hyiihac. sjiorcs and usually chlann-dosporcs and are easily visible to the 
naked eve. 


T.mii.e 1 . — Maduromycoses in the United Slates 




Locali- 

Color of 

Causative 


.\unior 

Slate 

zntlon 

Grains 

Fungus 

Where Reported 

•T. 11. Wriclit 

Mass. 

I'oot 

Blaek 

Unknown 

Tr. A. Am. Phys. 1.3: 
471, ISOS 

Eoyd un<I Cnitrhflpld.. 

'J'cNas 

I'oot 

White 

Allcschcria 
boy dll 

Am. ,T. Trop. Med. 1 : 
215 (July) 1021 

Gninmol, Mlfkdjiim 
nnd Thiitelier 

Ohio 

I'oot 

Black 

Madnrella 

amerlcann 

Arch. Dermat. & Sypb. 
13: CO (Jan.) 1020 

Thompson nnd Ikedii.. 

Minn. 

Foot 

Black 

Madurclla 

ikcdal 

Arch. Surg. 1C : 704, 
(March) 1928 

C. R. Ilnllonin 

X. V. 

Foot 

Mclanoid 

Unknown 

Arch. Dermat. & Syph. 
10:011 (Nov.) 1927 

Puestow 

W’is. 

Xeck 

Black 

Aspergillus 

nidulans 

.Arcl). Dermat. & Syph. 
20:042 (Nov.) 1929 

Gav and Bigelow 

Mass. 

Foot 

White 

Monosporium 

apiospermum 

Am. .1. Path. C : 325 
(May) 1930 

Jones and Alden 

Gn, 

Foot 

White 

Monosporium 

apiospermum 

J. A. M. A. nc : 250 
(Jan. 24) 1931 


It is somewhat difficult to analyze the literature on mycetoma or 
Madura foot observed in the United States, because the mycologic data 
in some of the earlier reports are inadequate. For the sake of brevity 
and convenience, we have tabulated those cases in which we were rea- 
sonably sure that the condition was maduromycoses. Either thick septate 
Ityphae have been described or black granules were seen, for proved 
cases of actinomycoses with black grains have hitherto been unknown. 

The tabulation shows, contrary to expectation, that in a tropical 
or subtropical disease the majorit}'^ of the reports originate from the 
northern part of the United States, but on closer analysis it is found 
that most patients originall}' came from the South. Wright’s patient 
might have acquired the infection in Italy; only Puestow’s patient had 
never been south prior to the onset of the illness. The fact that all 
but one case have been reported during the past decade is due to 
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increased interest and more widespread knowled.tje of the disease rather 
than to an actual increase in the number. 'J'lie last two cases reported 
fiom this country were due to IMonosporium apiospermum. We shall 
report a third case caused by the same organism. 


KICI’OKT OK A CASI-: 

IJisloiy, G. J\., horn in 3875, a colored taljorer, gave a history of having 
had a genital sore in 1895 and .smallpox in 1906. Since 1910, he had had three 
separate injuries to the riglit foot while living on a farm in Virginia, from eacli 
of which he seemed to have recovered without any ^■isihIc change in the condition 
of the affected part. 

In 1917, the right foot was crushe<l by a wagon in a street of Baltimore and 
rather severe^' injured. The patient thought that since that time the ankle and 
foot had remained swollen and tender, hut though he limped, he was able to do 
heavy labor. Two j’cars later, the foot became larger and more painful, and 
there was a discharge from numerous openings. The patient entered the Balti- 
more City Hospital and received, aside from local attention, anfisi'philitic treat- 
ment, though the Wasscrniann reactions of the blood and spinal fluid were nega- 
tive. In the same year he spent nine days at the Universit 3 ' Hospital. The 
records (1919) indicate that there was a brawny induration about the ankle and 
foot on which were several whitish nodular elevations and two sinuses from 
which came a thin grayish discharge. The roentgen diagnosis was chronic syphi- 
litic osteitis. In spite of the handicap of an enlarging, discharging and painful 
foot, the patient continued to work until March, 1926, when all of the symptoms 
became aggravated. 

The patient was admitted from the dispensary- to the orthopedic service of the 
University Hospital on Aug. 5, 1926. 

Exainination. — Phy'sical examination gave negative results, except for the 
loss of weight and a low grade fever, rarely over 99.6 F. The right foot, the 
ankle and the lower half of the leg were swollen to about three times the normal 
size. The swelling was tender and brawny, though in some places it was boggy. 
Over the entire dorsum of the foot and about the ankle were multiple punched- 
out, flat-mouthed sinuses, white around the edges, which ^vhen probed were found 
to be fairly deep and from which a thin, grayish, purulent material discharged. 

No granules ivere ever seen, though sought for. The longitudinal arch had col- 
lapsed, and the foot was markedly abducted. There were no sinuses on the leg. 
Movements of flexion and extension at the ankle were retained. The toes and 
heel appeared to be of normal size, and they were not involved. 

Laboratory e.xamination showed that the urine was normal. The blood count 
showed secondary anemia without leukocytosis or eosinophilia. The Wassermann 
reaction was negative. Cultures from the sinuses produced stapylococci and 
streptococci but no fungi. A report on the biopsy specimen suggested cither 
syphilis or tuberculosis. 

The roentgenograms showed a marked deformity of the entire right foot, with 
collapse of the bony elements. There was considerable destruction of bone with 
evidence of bone formation in the nature of productive periostitis of the lower 
thirds of the shafts of the tibia and fibula. Obliteration of the joints u-ith fusion 
of the tarsus and metatarsus was demonstrated. 
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^Vl)^Ic the patient was in tlie hospital, he was given a prolonged course of 
potassium iodide in large doses, without improvement. Rest in bed and boric 
acid dressings were of no avail. The dilTcrential diagnosis rested between syphi- 
lis, tuberculosis and mycetoma, with the latter predominating, tliottgh no “grains” 
were ever demonstrated, even though they were diligently sought. From the 
physical and roentgen apjiearance. it was concluded that destruction and degenera- 
tion of the foot and anlde had gone so far that restitution of function was 
impossible. 



Fig. 3. — Roentgenogram of the right foot, lateral view. 


Of>cration and Coarse. — Accordingly, on September II, amputation of the 
lower part of the right leg about 6 inches (15 cm.) below the knee was performed. 
The patient made an uneventful recovery. He was discharged on October 13, 
and later was able to get about fairly well on a home-made “peg-leg.” 

Subsequent Course . — The patient was seen from time to time. Roentgen 
examinations of the stump did not reveal recurrence in the bone, and there were 
no evidences clinically. In Afay, 1928, a visit to the patient s home disclosed that 
he had died from “stomach trouble” two weeks previously. 

Pathologic E.rniiihinfimi.— The foot and leg were swollen and indurated, and 
there were many sinuses of various sizes opening through the skin. On section 
the sinus tracts were seen to be of labyrinthine complexity, extending through 
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tlic soli tissue and Ivitie and eonimnnicntitift between many tissue spaces, which 
were filled with thicl; pray pus. .All of the .soft tissues as well as hone were 
involved in this iiroliferativc and depenerative ]iroccss, and there was marked 
fihri'sis around the necrotic areas. It was only then that, for the first time, 
prains were found freely in the purulent discharpe. 

I llslnloiiic Rxitniiiuiliitn . — The histolopic c.xamination was made h\' Dr. Alan 
K. Moritr. of Dakeside Hospital. There was e.\tensive destruction and replace- 
ment of tissues hy a iimductive inflammatory process, which was characterized 
hy small and large and often conflnent, granulomatous lesions. The smaller 



Fig. 4. — Grain in situ. 


lesions consisted chiefly of focal collections of thickly disposed macrophages. 
These cells were round or pol 3 'hcdral, approximated one another closely and had 
faintl}' acidophilic, vesicular cytoplasm. The nuclei were regular, large, round 
and pale-staining. Around these sharply circumscribed collections of cells there 
was an exudation of Ij'mphocj-tes and polj-morphonuclear leukocj’tes. These 
smaller granulomas were found in tissue interstices, with displacement rather than 
destruction of adjacent structures. The larger lesions were associated with 
destruction of the adjacent tissue, and intermingled with the peripheral zone of 
macrophages were manj- granulocj'tes, a few of which were eosinophilic. Giant 
cells of the foreign body type were numerous. Central necrosis was common, 
and the necrosis in some lesions was coagulative and in some liqucfactive. The 
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necrotic central zones in many places were inulerfioinp; organization by polypoid 
masses of richly vascularized grannlatinn tissue. Fil)rnblastic proliferation with 
resulting dense cicatrization was wi(lesi)rcad. 

In several of the graimlomas, large (np to 1 nnn.), irregularly outlined acid- 
ophilic grannies were iirescnt. Itoiii the surfaces of these granules projected 
regularly disposed radial fdanients, sonic of wliicli were clubbed at tiie ends. The 
main body of some of the granules was comprised cntircl}' of what appeared to 
be a tangled mass of acidoiihilic inycelinm, while in others there were many 




Fig. S. — Grain in situ. 

small round or ovoid, unstained, light brown spores. The spores measured about 
12 microns in diameter and showed peripheral condensation. They were not con- 
fined to the granules, but were scattered diffusely, though not in large numbers, 
through the granulation tissue and in the central necrotic zones. Occasionally 
they were seen within small giant cells. 

The status of mycetoma, especially the clinical side, was discussed 
by Thompson " in 1928. The case here reported is typical in all respects : 

^Tri^pson, H. L.: Present Status of Mycetoma, Arch. Surg. 16:774 
(March) 1928. 
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till' liisttiry of trauma, tlic .<<I(nv onset without a definite period of incu- 
hation. the relatively small discomfort during the first few years, the 
failure of iodine therapy, .so efficient in .some of the other m 3 'coses, and 
the uiicontrollahle jirogress. necessitating eventual amputation. The 
rather monotonous, clinical and pathologic ])icturc is contrasted with 
the niulti])licity of causative organisms. Therefore the mycologic part 
of this studv seemed to us most attractive. 

When the foot was amputated in 1926, .some of the granules found 
in the abscesses in the dejitli of the tissues were planted on various 
mediums, and the growth of a white mold was easih^ obtained. The 
thick .septate mycelium e.stahlished the diagnosis of maduromycosis, but 
an identification of the fungus was not attempted. Four years later, 
from 1930 to 1931, nn-cologic and e.x])erimental studies were carried 
out in the laboratories of ^^'’cstcrn Reserve University, subcultures from 
the original growth being used. 



Fig. 6. — Colony of Alonosporium apiospermum. One week’s growth on Sabou- 
raud’s dextrose agar at room temperature. 

MYCOLOGY 

The fungus grows well on the usual mediums for molds. A few 
days after the inoculation, a snowj' white tuft of fine mycelial filaments 
appears on the surface of the medium and spreads peripheral!)'. On 
Sabouraud’s dextrose or maltose agar the colonies reach a diameter of 
from 1.5 to 2.2 cm. after one week and about 6 cm. after three weeks’ 
incubation at room temperature. There is marked retardation of growth 
in the incubator. A full-grown culture usually shows a central knob 
or an elevation with radiating furrows. Concentric rings in the myce- 
lium are sometimes seen. A constant feature is a black base from 
which delicate, grayish, cotton)', densely interwoven hyphae rise to 
about from 3 to 4 mm. above the surface. The growth does not push 
farther than from 2 to 3 mm. below the surface of the substratum. 
The black color of the base is due to the darkening of the spores. There 
does not seem to be diffusion of the pigment into the medium. On the 
surface of solid mediums the formation of pinhead-sized black granules 
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(i^clcrotos) is occasio.inlly obscrvcfl. Sections stained with hematoxylin 
iind^ cosin to demonstrate any perithecia. 

Jhe modus of reprotluction was studied in hanging drop cultures 
with Sabouraud’s dextrose peptone broth, a modified Sabouraud's 
technic being employed. Tlie central part of the mycelium is closely 
mtci twined; the peripheral h.vphac arc Ip^linc and septate and branch 
rarely. Their diameter varies between 2.4 and 3 microns. The hyphae 
oi lateial conidiophores, which in turn may branch again, usually 
terminate in a single jiiriform or ovoid spore Vrom S to 12 microns in 
length and from 4 to 5.5 microns in width. Here and there, one coni- 



Fig. 7. — Monosporium apiospermum. Four weeks’ growth at room tem- 
perature. 

diophore seems to give rise to two or three conidia. The protoplasm of 
the mycelial segments and spores shows everywhere small granules or 
droplets. Young spores are Ip'aline; old ones are brown. Chlamydo- 
spores are rarel}'^ seen and then only in old cultures. Gelatinized human 
serum is not liquefied ; gelatin shows liquefaction. 

The cultural and morphologic characters clearly classify the fungus 
as a hyphomycete belonging to the order Conidiosporales, suborder 
Sporophorineae. Our observations correspond in the essential features 
with Saccardo’s ® description of Monosporium apiospermum. Compar- 

8 Saccardo, P. A.; Sylloge fungorum omnium hiicusquc cognitorum, 1911, 
vol. 22. p. 1287. Information through courtesy of Dr. John H. Barnhart, New 
York Botanical Garden. 
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iiiL,' llu- iiiyculiiLiic (lata in tin- literature on tlic various strains, we found 
cnnsideralile variations in tlie de-'^eriptions, wliicli. however. ])rominent 
inyeolo.eists consider as l)ein_e[ within ])Iivsioln!,dc limits. We hesitated 
at first to identify the fun.ijns in (|uestion as Monnsporium apiospcrmuni 
hecause sometimes more than one .spore is horn (3n a conidio])hore, but 
we found that this deviation from the orii,dnal description has been 



Fig. 8. — Hanging drop culture of Monosporium apiospermum. 


observed by other investigators,® too, and Prof. Gino Pollacci of the 
University of Padua concurred in our diagnosis. 

Monosporium apiospermum, Saccardo ® (1911) is found in the 
literature also as Scedosporium apiospermum (Saccardo, 1911) and as 
Aleurisma apiospermum (Saccardo), (Maire, 1921 ®). It is considered 
by many to be identical with Scedosporium sclerotiale (seu nigricans, 

9. Montpellier, J.. and Gouillon: Mycetome du pied (type pied de Madura) 
du a r.'Meurisma apiospermum, Bull. Soc. path. exot. 14:285, 1921. 

10. Polacci, Gino, and Nannizzi Arturo, I miceti patogeni dell’uomo e degli 
animali, Siena. Stab. Arti Grafiche S. Bernardino. 1923, pt. 2. 
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Icj)cic, ]9I4 *'). I ahlc 2 shows that it has hccn found in Europe, 
Afiica and both Americas, it luis been observed as the cause of 
m.idin omycosis more frerjiicnt!}' tlian any other organism. Unfor- 
tunate!} , oin studies, too, iiavc failed to reveal the complete life cvcle of 
the organism or its host. 


A iV I .^r AL i:,\ I’KRI .M i:,\TAT10X 

Suspensions of sjiores and hyphae from cultures were injected into 
the knee joints of two rabbits. After two weeks a swelling developed in 
both animals at the site of injection, A\'hicl 7 gradnaJJ}'^ enlarged. One 
animal died after two months with a tremendous swelling of the knee: 

T,\I!I,k 2. — Madura Root Due to Itlonosporiuiu Apiospcnuuui 


.Animnl 

-AiiUior Counlry Experiments Where Reported 

Tnrozzl tlnly Positive .Alti d. Soe. itni. di. pafoi., set. ISOO 

Kndacii Itiily Positive .Sperimentiile, .Areli. di biol. 0." : 3Sn, 1911 

I’cpPfc Italy Positive Sperimentnle, .Arch, di biol. (suppl.) 07! 213, 

1913; OStDSl, lOU 

de JIngalliries Bra 2 il None -Ann. da policlln. goraldo, Rio de Janeiro, 

Dec., 39IC 

Linhnrcs Brazil None Tiiesc dc Rio dc Janeiro, 1017 

Montpellier and Oouillon .Algeria None Bull. Soc. path, e.xot. 14 : 285, 1921 

Montpellier .Algeria None Bull. Soc. path, e.vot. 17: 755, 1924 

Anderson Algeria Kone Arch, lust. Pasteur de Tunis 14 : 00, 1925 

Ponseea and .Area Lcao.. Brazil Xonc Compt. rend. Soc. dc biol. 07 : 1S47, 1927 

Delamare and Gatti* Paraguay Jfone Compt. rend. Acad. d. sc. 188: 1264, 1931 

Gay and Bigelotv U. S. jfegative .Am. J. Patii, C :,325 (May) 3930 

Jones and Alden U. S. Kegative J. .A. M. A. OC : 256 (Jan. 24) 1031 


* This organism ivas originally described as Indiclla americana but was later identiflod 
by Paul Pena as JXonosporium apiospermum (Compt. rend. Soc. de biol. 104:689, 1030). 

crepitus could be felt easily. Unfortunate^, the animal was disposed of 
by the attendant before autopsy could be performed. At the same time, 
the other animal seemed to show some improvement, there being less 
SAvelling and local heat. It Avas killed on the seventieth day. There 
were several walled-off abscesses around the knee. The synovial fluid 
Avas increased and slightly purulent. Retrocultures from bits of muscles, 
from the abscesses and the articular fluid gave positive results. -A. 
detailed study of the mechanism of the infection in a larger series of 
animals will be published later. 

11. Pepere, A.; Micetoma a grani neri del piede, Sperimentale, Arch, di biol. 
(suppl.) 67:213, 1913; Sul funge parasita di un micetoma a grani neri del piede 
(Carter) nostrana [Monosporium apiospermum, Sacc., (M, sderotiale) ] Spen- 
mentale. Arch, di biol. 68:531, 1914, 
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Sl'M MAKY 

A tliinl casi- of ninii()S])()rosis under llie clinical picture of Madura 
font of the u-liiie jjraiii variety occurring in a native American is 
re])nrted. 

Mycetomas due to higlier fungi rarely resi)ond to medical treatment 
(iodides and compound tincture of iodine given intravenous]}', etc.); 
therefore they belong to the domain of surgery. 

In cases of chronic osteomyelitis and tnhcrculosis or syphilis of the 
hone, the jmssihility of a mycosis should he considered. 

Monos])orium ain’os])ermum injected into the knee joints of rabbits 
results in a jjurulent arthritis with periarthritic abscesses from which 
retroculturcs are positive. 'I'his is the first instance in which experi- 
ments on animals carried out with a fungus isolated from a patient with 
maduromycosis in the United States yielded positive results. 

418 Medical .Arts Building. 

The Lakeside Hospital. 
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In view of (he persisting' cliherencc in ojjinion among surgeons as 
to the cflicacy of ‘‘periartcria! synipatiicctomy” as compared to sympa- 
thetic gangliectomy, a further study of the peripiieral course of the 
vasoconstrictor neurons lias recenth' been made. Bv means of a 
modification of Brooks’ sodium iodide technic for the roentgenographic 
visualization of the femoral arterial tree, quite definite results have 
been obtained in the laboratory animal, udn’clj seem to constitute con- 
vincing evidence as to the location of the peripiieral Avasconstrictor 
pathways to the lower extremity. 


iMETHOD 

Brooks,^ in 1924, demonstrated the possibilit}' of roentgenographic 
visualization of the femoral arterial tree in man by means of the injec- 
tion of a concentrated solution of sodium iodide. In the experiments 
to be reported Brooks’ method has been modified only in that the iodide 
has been injected into the abdominal aorta, AAOth the result that both 
femoral trees haA^e been Adsualized at the same moment. By comparing 
the caliber of the larger arteries in the two limbs and the degree of 
filling of the smaller v^essels, it has been possible to judge quite satis- 
factorily the degree of Avascular constriction in either limb relative to 
the other. 

Adult male cats Avere used in these studies. Under ether or sodium 
amytal anesthesia a laparotomy was done, and the abdominal aorta and 
inferior A^ena caA^a Avere isolated beloAv the renal vessels. A temporary 
arterial clip Avas applied to both cava and aorta at this leA^el, and from 
1.5 to 2 cc. of 100 per cent sodium iodide AA-as injected into the aorta 
beloAV the clip and Avith the needle directed tOAvard the aortic bifurcation. 

From the Department of Surgery of the -Medical Brandi of t!ie University 
of Texas. 

1. Brooks, B.: Intra-Arterial Infection of Sodium lodid, J. A. AI. A. 82: 
1016 (March 29) 1924. 
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iiniiK’<lial<,'ly following tiu* injc-ctiiHi. one or more roentgeiiographic 
pieUires of ilie Iiiiid (Hiarters were lakeii with the o])erator holding the 
exlremilies in ]>o>itions as nearly symmetrical as jrossihle. The clips 
were then removed from aorta and vein, allowing resumption of femoral 
circulations. J'he entrance into the general circulation of the quantity 
of sodium iodide retiuired for good visualization of both femoral trees 
was alw.'iys followed by death within a few hours. 

With occasional exceptions, this method has given a surprisingh' 
good jmrtr.ayal of the arteries of the lower extremities (fig. 1). The 
method is of advantage because it is objective, permitting comparison 
as to symmetry of caliber .and of filling of identical vessels in the two 
limbs, photographed at the same instant under one filling-pressure. 
The method thus becomes useful in determining the presence or 
absence of unilateral changes in arterial caliber following aii}' procedure 
whatsoever. 

The disadvantages of the method are several. Although the sodium 
salt is the least toxic of the more soluble inorganic iodides, a quantity 
sufficient for satisfactory delineation of the vessels of both hind limbs 
of the cat invariably proves lethal when, the picture having been 
taken, the clip is removed from the cava and the iodide allowed to enter 
the general circulation. Therefore only one determination can be made 
in each animal. Furthermore, the method is limited in that it does not 
reveal the absolute degree of constriction or dilatation in a given arteiy 
but onl}'- its caliber relative to that of the corresponding vessel of the 
•opposite limb. 

The roentgenogram must be taken as soon as possible after the 
iodide is injected. Otherwise the picture shows a blurring of the 
intervascular spaces. There are two possible explanations of this 
]5henomenon. One is that the shadow is due to the entrance of iodide 
into vessels too small for individual visualization but which in their 
aggregate cause a partial opacit}'. On the other hand, it may be that 
the iodide diffuses through the walls of the vessels to cause a shadow 
in extravascular areas. Obviously, such diffusion could not occur in 
so short a time from the large thick-walled arteries; its occurrence 
"would denote the presence of the iodide in thin-walled vessels. A 
vasodilatation lowers resistance to flow and would favor the entrance 
of the solution into the smaller radicles. Therefore, whether the 
shadow in question is due to the presence of iodide in microscopic 
vessels or to its diffusion from them, the shadow will appear at an 
earlier moment in limbs where the arterial system is dilated. Figure 
1 is a print from a roentgenogram taken approximately ten seconds 
•tifter sodium iodide was injected into the abdominal aorta of a normal 
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.■iKCiiiriis or 


scrciiRv 


cat. .l<ijri,re 2. conditions in the same animal from twenty- 

n-c to thirty .seconds after tlie .same injection, demonstrates this 
liluumt^ and loss of contrast. 

'J'he 100 per cent sodium iodide solution is evidently quite irritating, 
i 'ormai animals anesthetized to a sufficient degree to submit quietly 



Fig. ,1. — Arterial ss^stems of lower extremities of the living cat, as shown by 
a roentgenogram taken ten seconds after the injection of concentrated solution of 
sodium iodide into the abdominal aorta. 


to laparotomy invariably stir and erj^ out as the solution is injected 
into the vessels. Since a similar injection of physiologic solution 
of sodium chloride induces no such reaction, it must be the nature of 
the solution and not distention of the vessel that causes the outcry 
when the iodide is injected. 
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KKSri.TS 

. irlcridl Colihrr I-oIloK'itui Syiu/'itllu’tic GatKjUcclomy . — In a number 
of animals a (lelennination was made of tlie effect on arterial caliber 
of tbc removal of one lumbar sympatbctic ebain. In tbe cat there are 
live or more lumbar sympatbctic j^anglions. These ganglions, with the 



Fig. 2. — Roentgenogram of the same animal, taken fifteen seconds after figure 
1. In the interim the iodide had become so distributed as to cause a blurring of 
the intervascular spaces. 


intervening strands of fibers, were removed on one side. In order 
to prevent the confusing effects of reflex secretion of epinephrine, the 
adrenal gland of the same side was denervated by section of the major 
s])lanchnic nerve and the opposite adrenal was excised. At var3-ing 
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.IRC! urns on srucnRY 


intervals after tin- M-nipathect^my an iiijeeliun of sndiiim 
triM'n and a n/enl,tfenn<,rrani talcen. 

1 i.^ure d IS a print iroin a roenttieiio.f^rain of botli 
immediately alter re.sectifin of the left hiinhar sympathetic 
ne sees a much jtreater lillini,' of vessels on the left than on 


iodide was 

legs taken 
ganglions, 
the right, 



Fig. 3. — Roentgenogram of a living cat taken following the injection of iodide 
into the abdominal aorta immediateh- after left lumbar sympathectom 3 '. The 
arteries of the left lower extremit 3 ' are dilated relative to those of the right. 


indicating a marked vasodilatation following sympatlietic gangliectomy. 
Figure 4 shows a pronounced vasodilatation throughout the entire left 
extremity in an animal subjected to left lumbar sympathectomy ten 
weeks prior to the taking of the picture. Therefore, the vasodilatation 
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following Minpatiu'lir i;:m,qliccti>iny is not a UMiiporary ])Iieiionienon. 

5 was taken more than seven weeks after a hiinbar sympa- 
theetoiny. After the injeetion was made ilu re was a clela\' before the 
roenteeiioi^ram was taken. One .sees a bliirrini; tbrou,!,dinut the entire 
symjKulnetomi;'ed e.xtremity. 01)vinnsly. mneh more iodide was ])resent 



Fig. 4. — Roentgenogram following injection made ten weeks after left lumbar 
sympathectomr'. The arteries of the left e.xtremit 3 ' are still dilated. 

than was in the opposite limb. There is not a good delineation of 
-vessels. The blurring, which regularh’^ occurs if too much time elapses 
between injection and picture, must denote, as stated, the presence of 
iodide in microscopic radicles, or its diffusion from them. In this 
animal (fig. 5). the blurring is much more marked on the sympa- 




thcctuniiV.cd mk, iiulicatin.!: n more rapid passage of tiic solution into 
tile liner vessels on that side, and (Inis iinph-ing a loss of vasocon- 
stnedun following syinpalliectotny. 

In the final animal of this series there was a definite increase in 
vascular caliber eleven weeks after sympathectomy. In our experience, 



Fig-. 5. — Roentgenogram following injection made seven weeks after left lum- 
bar sympathectomy. Tlie arteries of the left lower extremity are dilated (see 
text) . 


sympathetic gangliectomy has always produced a vasodilatation, which 
has been demonstrable by the sodium iodide method. 

y^rfena! Caliber Followuuj the Section of Somatic Nerve Trunks.— 
Injections and pictures were made at varying periods of time following 
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tlic' M'ctinii itf ciiK’ or .■inntlu'f (if tlic ])cri|)licral ncrvt; trunks distal to the 
rami oiiiimmiicantcs. Figures 6 ami 7 illustrate a result that has been 
of constant occurrence after section of the sciatic trunk just external 
to the greater sciatic foramen. ( >ne .sees throutjhout tlie entire extremity, 
tlmneli most marked in the lateral region of the tliif^Ii, a pronounced 



Fig. 6. — Roentgenogram showing vasodilatation in the left lower extremitj- 
following section of the left sciatic nerve. 

increase in intervascular opacity as compared with tlie opposite limb. 
The area of increased opacity does not coincide with the site of the 
operative wound, but extends throughout the entire extremity. It is 
not a result of the paralysis of skeletal muscles, for it is most marked 
in the regions of the gluteal muscles and of the vastus lateralis, and 
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llii'so nmst'li’s .'iri' uol iDiicrAviit'd hy the scinlic nerve. As sfjited before, 
it iiiiist h«.‘ flue to tl?e presence of the io<!icle in microscopic vessels or 
to it^ (liltusic^ii through their w.'ills into cxtravtiscniar areas. It seems 
rea.soiKilile, therefore, to consider thi.s o[)aciU' an evidence of a vaso- 
ddattuion that h;is permitted the iodide to enter the luinina of 



7— Roentg-enograni stiowing pronounced vasodilatation in 
re-ion of the left thigh following section of the left sciatic nerve. 


the lateral 


microscopic vessels at a more rapid rate in the limb operated on than in 
the contralateral normal limb. The constancy of this finding has led 
to the conclusion that vasoconstrictor fibers are present in the sciati 
nerve at the level of the sciatic foramen. 
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In cat tlic fcninral nerve was severed just ])eri|)lieral to the 
inmiinal H.uanient. hhi^nre S shows the extreme unilateral dilatation of 
the vessels helow the site of this section. ( Ihvionsly. vasoconstrictor 
tillers were present in lari^e nuniher. Mowever. this lindinfj has been 
inconstant, occnrrin.c: in about 50 per cent of the cases. I’crhaps, since 



Fig. 8.- — Roentgenogram showing dilatation of the right femoral arterial tree 
following section of the right femoral nerve. 

tlie sciatic nerve also contains vasoconstrictor fibers, in certain instances 
the sciatic fibers alone may suffice to maintain vascular symmetr}'. 
IMoreover, the method in use does not reveal the absolute caliber of 
the arteries but only the caliber relative to that of the vessels of the 
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ARcmnis OF SOKOEKV 


fc'i «,,-l ’■ '"Si.«>as in ivl.ici) scclioii of the 

I norvo ,i„ rosul, i„ ,v,,-a,lar osy.n.noln-. il i, ,|„i,e oossiMo 

. -Oim t iMinImii; f.-n-lor, i-. profoiiiul onosllioski. so tieprcsscd 
v..«.conslncl„r .-.nivily i|,o clia- svsio,,, iho, seclio,, of 

ivisoconslnclor no,,,-,,,,., „„ f.,n|,„ eiact „„ iho sia- of tl.e vessels. 



Fig. 9 . — Roentgenogram taken four days after right femora/ "periarterial sym- 
pathectomy/’ No significant vasodilatation followed the operation. 


Arterial Caliber Follozving “Periarterial Sympathectomy.”-~F\\t 
femoral nerve of the cat lies in contact with the femoral artery. This 
fact forbids the use of phenol or other chemical agents as a means of 
detecting- the presence of vasoconstrictor fibers in tlie periarterial region. 
Periarterial operations have been, therefore, meclianica!, and have 
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i:ichi<!c(I. in ;i(!(li(Tnn In a oarciiil ‘.iripinuL; ni ilif arterial adventitia, 
tile tr;m^\er>e .'-eelinn "i all ti'-^nc'. <it tlie leninral .siieath excejit tile 
trnnlc arterv, the trnnh \'ein and the iiinnral lu'rxc. 

In n<» ea^e in niir experieiiee ha- tin- li. riarterial operation resulted 
in a va-o(lilaiation. hipure- lo and 11. -liowint^ the ahsence of 



Fig. 10. — Roentgenogram taken fifteen days after right femoral “periarterial 
sympathectomy.” No significant vasodilatation had occurred. 

dilatation after four, fifteen and twenty-seven days, respective!;', are 
representative of the series. In some cases (figs. 9 and 10) there is a 
slight constriction on the side operated on. (This constriction may 
possibl}' point to the presence of vasodilator fibers in the arterial sheath.) 
But in no instance has the periarterial operation resulted in a vasodila- 
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taliou (hat viniltl la- dniioiistratw! hy tin's nu-thod. 'I'iiis scries of experi- 
ments iiu’lndcd the most satisfactory roeiil'jeiio.trraphic pictures of the 
entire study, and the consistently nei^ative results would seem to be 
reliable proof that tio j^reat numher of the vasoconstrictor fibers for the 
lower extremity course tiistally alonsj the femoral artery. 



COMjSIEXT 

It has been maintained by some, mainly on the basis <>' 
rhnnp-es obser^’ed following “periarterial s^vinpathectoim , that ^ 
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an iinpnrtant ])aM in tlio iinu-rvati(in of its sinallc-r brandies. Most 
anatomic lindin^s bave been to the contrary. In addition to tbe older 
writin;; in anatomy, recent .>^tndies by Potts " and I)}' Plirscli ^ in tbe 
laboratory animal and by liiair, DnlV and Hingbam ‘ in man have re.sulted 
in tbe repeated demonstration of vasoconstrictor fibers joining the 
]ieri]ilieral arteries at irregular intervals after having been conveyed 
distally in tbe somatic nerves, b'nrtherniore. these workers were unable 
to find vasoconstrictor fibers following tbe femoral artcr}- for any great 
distance. 

Tbe roentgenugra])bic nietbod described in this report has revealed 
a iironounced vasodilatation following sympathetic gangliectoni}’. 
Altbough varying degrees of dilatation have occurred following the 
section of sciatic or femoral nerve trunks, in no instance has the 
]ieriarterial ojicration iiroduced anj' degree of dilatation demonstrable 
b_v this method. These results serve to confirm those of the authors 
cited, to tbe effect that the vasoconstrictor fibers reach the peripheral 
arteries by way of tbe somatic nerve branchings. 

The literature includes at least one other attempt to study vasomotor 
function by a roentgenographic method. In 1930, Horton and Craig ° 
reported the results of a study of arterial caliber in the lower extremities 
after sympathetic gangliectoniy and after “periarterial sympathectomy’’ 
by means of roentgenograms taken following the injection of metallic 
mercury into the arteries. As the pictures were taken after death, the 
results cannot be interpreted in terms of nervous activity, and there- 
fore throw no light on the issue in question. 

SUMMARY 

After ligation of the abdominal aorta above its bifurcation and the 
injection of a concentrated solution of sodium iodide just distal to 
the ligature, it is possible to obtain good roentgenographic portra 3 'al of 
the femoral arterial systems of the living cat (fig. 1). When both 
lower extremities are included on one film, it is possible to compare as lo 
symmetry of caliber and of filling the corresponding vessels of the two 
extremities, photographed at the same instant under one injection 

2. Potts, L. W. : The Distribution of Nerves to the Arteries of the Leg, Anat. 
Anz. 47:138, 1915. 

3. Hirsch, L. : Ueber die Nervenversorgung der Gefiisse in Hinblick auf die 
Probleme der periarteriellen Sympathektoinie, Arch. f. klin. Chir. 137:281, 1925. 

4. Blair, D. M. ; Duff, D., and Bingham, J. A. : The Anatomical Result of 
Peri-Arterial S^'mpathectomy, Brit. J. Surg. 18:215, 1930. 

5. Horton, B. T., and Craig, W. McK. : Evidence Shown in Roentgenograms 
of Changes in the Vascular Tree Following Experimental Sympathetic Gangliec- 
tomy. Arch. Surg. 21:698 (Oct.l 1930. 
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pri'ssiirc. I lu' iiiftlind iliiis Ijccoiju-s of tisc in (Ivtcniiinin^ the presence 
or .•ilisenee ol miilntcivil chnni^cs in :irlcn;il enUher [oUowing nny desired 
procedure. 

\\ ith this method, one c;in demonstnite n pronounced increase in the 
caliber of tlie arteries after .sympathetic ! 2 ant,diectoniy (fig. 3). This 
dil.atation following re.section of the proper .segments of the lumbar 
.sympathetic chain lias been found persisting’ in animals photographed 
ten and eleven weeks after .svmpatliectomy ( fig. 4). No determinations 
have been made after longer intervals. 

Section of the .sciatic nerve just distal to its entrance into the 
e.xtremitv regularly causes a widespread va.sodilatafion. particularly 
marked in the lateral region of the thigh (figs. 6 and 7). 

In aiiproximately half of the ca.ses, .section of the femoral nerve at 
the root of the e.xtremity results in a pronounced increase of the caliber 
of the entire femoral arterial tree (fig. 8). 

In no instance has “iieriarterial syinpathectom\’’' produced a vaso- 
dilatation demonstrable bv this method (figs. 9, 10 and 11). 

It is concluded that in the cat the constrictor neurons for the 
femoral arterial S 3 'stem are distributed to the peripheral vessels in 
fractions by wa}' of the branches of the sciatic and femoral nerve trunks. 
No appreciable number follow the trunk arteiy for any considerable 
distance. 
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J'wo c.xpen'iiiciit.'il procedures arc iiicliidcd in this report: (1) tlie 
Itrodiictioii of piiliiioiiic stenosis in dogs and ( 2 ) the conversion of this 
lesion into steiiosi.s witli in.snfliciency hy partial valvulectoniy. 


Till-; I’HCiDl'CTION ^n-' I’tT-.MONIC STKXOSIS 
f ile nietiiod was siinil.ar to that rievised for creating a chronic, 
sclerosing lesion of the mitral valve, whicli was reported in a previous 
paper.’ 'J'wo distinct iiroccdures were carried out: (a) electrocoagula- 
tion of the ])idnionic valve and (l>) intravenous inoculation with cul- 
tures of .Strei)tococcus A'iridans. 

(a) Illcctrocoariiilalioii nf the Pulmonic V ah'c. One-half hour after the 
administmtion of morphine hyiiodcrniically, the dog was anesthetized wit 
and both sides of the thorax were shaved and cleansed with soap and water. en 
the animal was fully relaxed, a properly fitting rubber tube was introduced into 
the larynx through the trachea and attached to a Wolff bottle containing et er, 
which was, in turn, attached to an Erlangcr mechanical respiratorj apparatus. 
The dog was turned on its right side, and the thorax was elevated wit a pa 
The indifferent electrode of a portable diatherm 3 ' apparatus producing a ipo ar 
current of high frequency w'as placed in direct contact with the skin. The 
tiv'e field was prepared w'ith iodine and alcohol, and the dog and the operating ta 
were draped with sterile linen. An incision w'as made over the left t ri rom 
the angle to the sternum and w'as carried dow'n through the fascia and muscle to 
the periosteum. The exposed rib and a portion of the costal cartilage "cce resec e 
subpcriosteall}', and the pleura w'as opened. The lungs were packed o witi pa s 
of cotton moistened in W'arm saline solution. The sterile portion o t le ac n e 
electrode was then attached to the remainder of the apparatus and teste . 

This study w’as aided bj' a grant from the DeLamar Mobile Research 
From the Laboratory for Surgical Research of the Har\ ard J e ica 
Boston. 

1. Powers, J. H. : The Experimental Production of Mitral Stenosis. Arch. 
Surg. 18:1945 (April) 1929. 
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) lie pcncardmin was incised medial to and jmrallel witlj t)je left plirenic nerve- 
K u.irt w. IS delivered from (lie pericardial cavity, and a stiture was placed in 
tie ajicx to f.uilil.ite snliseeinent manipnlation. A siiot for the incision was chosen 
on the anterior surface of the rmlit ventricle, free from coronary vessels and 
,i))ont _ cm. helovv the root of the imimonic artery. Control sutures were placed 
on each silk' of this area ; (he ends were cro.ssed and held by the assistant. The 
myocurdiiun was incised, and tlie insulated electrode was introduced into the cavity 
of the ventricle. In' gialiintion at the junction of the pulmonic artery and the ven- 
tricular wall with the left forefinger and thutni), the operator was able both to 
feel and to sec the location of the (iji of tlic instrument at the pulmonic orifice. 
W hen the (ij) was jilaced in accurate apiiroximation with the cusps of the valve, 
the current was agiplied. ^\‘hcn the valve had been traumatized in several areas, 
the instrument was withdrawn and the wound in the heart was closed with silk 
sutures. I he apc.v and control sutures were removed, tlie heart was replaced in 
the pericardial cavity, and tlie pericardium was closed with a continuous stitch of 


fine silk. The cotton pads were removed, the lungs were inflated, and the pleura 
and thoracic wall were closed in layers. If performed carefully the operation was 
bloodless throughout. 


(b) 1 ntrax'Ciioiis luoculattou with Citlf tires of Streptococcus Firu/aiis . — In order 
to increase the reaction in tlie traumatized valve, each animal was inoculated twice 
during the early postoperative course with cultures of Streptococcus viridans. 
The strain of organisms utilized had been isolated from a case of rheumatic fever. 
Each animal was given two inoculations of from 30 to 100 cc. of a twenty-four 
hour broth culture of this organism, usually on the second and fourth postoperative 
days. 

After intervals of three and ten months, tvv'o animals w'ere operated on a second 
time and reinoculated. 


Results . — Eight operations were performed on six dogs. The 
operative mortality was ttil. (Similar operations on the mitral valve 
were followed b}!- an immediate mortality of 22.8 per cent.^) 

Each animal was inoculated with cultures of Streptococcus viridans. 


Dog I. — A systolic murmur developed which disappeared at the end of three 
months. Secondary coagulation of the pulmonic valve and subsequent inoculations 
were repeated one month later. After three weeks a s 3 ^stolic murmur dev'cloped, 
and the blood culture was positive for approximately one month from the time of 
inoculation. During the subsequent five months the animal had a systolic murmur 
and a systolic thrill, both of which were most pronounced just to the right of the 
sternum in the third and fourth interspaces. Partial valvulectomy was then 
performed. 

Dog 2. — Immediately after operation both systolic and diastolic murmurs were 
present. Following inoculations with cultures of Streptococcus viridans and the 
development of endocarditis, the diastolic murmur disappeared but the systolic 
murmur persisted. After an interval of two and one-half years examination of the 
heart disclosed a harsh, roughened first sound and a soft systolic murmur 
animal was killed, and at autopsy the pulmonic cusps were found to be shgi } 


thickened and fibrotic. . 

Dog 3.— a definite systolic murmur was detected six days after operation w 
and one-half months later the murmur was present but less distinct, i > P 
neared entirelv in another six weeks. Twenty-seven months later no murmu 
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"tiiur ilu' iiiM'ttiiiii 111 tlic cii'-p'. wliiili wiTc iiDniinl. Xo stciiosi.s was 

ajii'amii. \\ lu ii ilir lirst nprrntinti w.-i'. pcrfnriiKil llic lip of the instninicnt had 
ii'i! him aii'iiialcly apprusiiiialcil In llir nisps nl llic valve so that only the cnclo- 
eariliisiii at llie Iia<-e of the vnilrirle lind Iireii traiiinati^ied. 

Dili. •!.- -A vyi-tnlic niiirnnir wa*- aiidihle iiiiinediately after operation, and 
«as inlrr/iretid a"- due i<i laivniar <laniaye created hy the clccirocanlcry. During 
the stace of aente veectative endocarditis the iniirnnir was less harsh, hut with the 



Fig. l.—A, heart of dog 6. The right ventricle has been opened near the inter- 
ventricular septum to expose the pulmonic valve with numerous large, warty vege- 
tations attached to the cusps. B, heart of dog 1. The pulmonary artery has been 
cut away to e.xpose the pulmonic valve from above. The cusps are thickened, 
fibrous and partially adherent to one another. The defect created by the cardio- 
valvulotome may be seen in the right posterior cusp. C, heart of dog 4. The right 
ventricle has been opened to expose the thickened, sclerotic posterior pulmonic 
cusps. The defect created by the cardiovalvulotome maj' be seen in the left 
posterior segment. 

development of stenosis, it became loud and blowing. A S3'stolic thrill was present 
in the pulmonic area. Partial valvulectomj' was performed about six months later. 

Dog S. — Two daj's after the second inoculation with Streptococcus viridans (si.x 
days after operation) a soft s\’Stolic murmur was audible. A chronic discharging 
sinus developed at the posterior angle of the wound. The S3'stolic murmur per- 
sisted until the animal died three and one-half months later. Autops3- disclosed 



Aucini'ns or suRcrRy 
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of tile left (ileiirnl cavity with wliicli tlic simis coiiinuinicatcci, 
< hiiiise hliniiniis iiericarditis aiul vegetative ciulocarditis of tlie piilmonic valve. 

1 lie other cardiac \-nh'es were normal. 

Due. (i.— I'ollowin.u oiieralion and liaclerial inoculation, a systolic murmur 
dcveloiied over the jnilmonic area. As the acute veftetative process healed, organ- 
i.snis di.s.ippeared Ironi the hlood .stream. With the development of stenosis, the 
cliar.icter ol the murmur changed. T hrec months later a long, blowing murmur 
wa.s licard ihronghont .systole. As the |ntlm<inic obstruction increased a svstolic 
thrill became iialpable. 

Secondary coagulation of the valve and rcinoculations were carried out in the 
hope that a more marked stenosis might be produced by further trauma and a 
sniierimjiosed endocarditis. During the postoperative course, a very harsh systolic 
murmur was heard. 1 he hlood culture remained persistently positive. The dog 
refused food hut drank much water, vomited frcciucntly, became lethargic and 
emaciated, and died on the thirty-seventh dav. 



Fig. 2. — Roentgenograms showing the 
development of pulmonic stenosis. 



heart of dog 1, before and after the 


At autopsy the pleural and pericardial cavities were remarkably free from adlie- 
sions. There were no pulmonary emboli. The pulmonic orifice was practically 
occluded by large, warty vegetations adherent to all three cusps (fig. 1, ^). 


Comment . — Electrocoagulation of the pulmonic valve was a less 
hazardous procedure than a similar operation on the mitral valve, pos- 
sibly because of the proximity of the auriculoventricular node to the 
mitral ring-. Auricular fibrillation and acute cardiac dilatation, botii of 
which were responsible for immediate fatalities during electrocoagula- 
tion of the mitral valve,^ did not occur in any of these experiments. 

During each operation an effort was made to produce as much 
valvular damage as could be tolerated by the animal. Charring and 
puckeriiw of the pulmonic cusps were the immediate results of 
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procedure. Following intravenous inoculations with cultures of Strep- 
tococcus viriclans, acute vegetative endocarditis developed on the 
traumatized valve. Death in one case (dog 6) was due to generalized 
septicemia and pulmonaiy occlusion caused by large, warty, fungating 
vegetations adherent to the margins of the valve. Four of the six ani- 
mals operated on developed sunicicnt resistance to overcome the acute 
infection. As the vegetative process healed, the pulmonic cusps became 
thickened, fibrous and inelastic. The edges tended to adhere to one 
another, and chronic stenosis of the orifice was produced (fig. 1, B). 
Clinical evidence in the form of a persistent systolic murmur, accom- 
panied occasionally b}’’ a systolic thrill in the pulmonic area, was obtained 
to support the diagnosis of pulmonic stenosis. 

Roentgenograms of the hearts of these animals, taken at a distance 
of 1 meter with the tube centered over the mid-dorsal spine, showed a 
progressive increase in the transverse cardiac diameter, apparentl}' due 
to enlargement of the right side (fig. 2). 

Studies of the blood and observations of the red blood cell count, the 
hemoglobin and the hematocrit value after the development of pulmonic 
stenosis showed no significant alterations from similar determinations 
made before operation. 

The results may be summarized as follows : One animal died from 
septicemia and pulmonic occlusion by vegetative thrombi. One animal 
died because of chronic empyema, pericarditis and acute vegetative endo- 
carditis. In one case, clinical evidence of pulmonic stenosis disappeared 
at the end of three months and when the animal was killed twenty-seven 
months later the pulmonic valve was normal. (The tip of the electrode 
had not been actually approximated to the valve at operation, and conse- 
quently the cusps had not been traumatized.) In the remaining three 
animals clinical and pathologic evidence of pulmonic stenosis developed. 
Two of them were subsequently operated on again, and the stenosis was 
converted into stenosis with insufficiency. 

None of the valves other than the pulmonary, which had been 
traumatized by the operative procedure, showed evidence of acute or 
chronic endocarditis. 

CONVERSION OF PULMONIC STENOSIS INTO STENOSIS WITH 
INSUFFICIENCY BY PARTIAL VALVULECTOMY 

Two dogs with well marked stenosis of the pulmonic valve, created 
by the method alread}^ described, were utilized for these experiments. 
Partial valvulectomy was performed with a cardiovalvulotome - similar 

2. Dr. E. C. Cutler contributed this instrument, which was first used in some 
experimental studies on the surgical treatment of mitral stenosis. Beck. C. S., and 
Cutler, E. C. ; A CardiovaU-ulotome, J. Exper. ifed. 40:375 (Sept.) 1024. 
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to tliat devised by Beck and Cutler but carrying a shaft of smaller 
diameter. 

Par/inl FahiiRcfoi/iy.— The position of tlic dog on the table and the anesthesia 
were similar to tliosc cmpioi’cd in the first series of experiments. 

The heart was reexposed through the Jicalcd scar of the previous incision in 
tlic left tlioracic wall. Adhesions between the pleura and the lungs or between the 
lungs and the pericardium were divided by sharp dissection whenever necessary. 
The pericardium was incised and freed from the anterior wall of the right 
ventricle where it was adliercnt at the site of tiic old myocardial scar. The heart 
was partially rotated and displaced from its pericardial bed. 

Control sutures were placed ; the myocardium was incised, and the cardio- 
valvulotome was introduced into the cavity of the right ventricle. By palpation 
of the pulmonic ring, at the junction of the heart and pulmonary artery, a scarred 
segment of the obstructing valve was engaged between the jaws of the instrument, 
excised and withdrawn from the circulation. 

The myocardial wound was sutured, the heart was replaced in the pericardia! 
cavity, and the pericardium, pleura and thoracic wall were closed in layers with 
silk. 


Results. — Partial resection of the stenosed pulmonic valve was well 
tolerated by each dog. 


Dog 1. — This was an animal with experimental pulmonic stenosis produced by 
the method described in the first half of this paper and recorded in the previous 
protocols. Partial valvulectoray was performed, and several tiny bits of scarred 
valve were e.xcised. The systolic thrill disappeared, and a soft diastolic murmur 
was audible immediately after the operation. The systolic murmur was unchanged. 
One month later the presence of adventitious sounds in diastole was questionable, 
but the second sound was indistinct in the pulmonic area. Examination of the 
heart gave essentially the same results during the following twenty months. The 
dog was killed at the end of this period. At autopsy multiple adhesions were 
found between the pleura and the pericardium. (The animal had had three opera- 
tions on the heart.) There were several dense scars in the pulmonic ring. The 
cusps of the valve were thickened, fibrous and sclerotic. The edges tended to 
adhere to one another at the junction of the cusps, and on the posterolateral 
margin of the valve was seen the defect created by the cardiovalvulotome 

(fig. 1, B). 

Dog 4. — This was an animal with experimental pulmonic stenosis and a systolic 
murmur and thrill in the pulmonic area (see previous protocol). Several attempts 
with the cardiovalvulotome were made before a scarred segment of the valve was 
finally engaged between the jaws of the instrument and excised. The systolic 
thrill largely disappeared, and a questionable diastolic murmur was audible after 
the operation. Subsequently a long, harsh systolic murmur was always heard but 

no second sound could be distinguished. 

The animal was killed after twenty months. The posterior and lateral cusps 
of the pulmonic valve xvere densely scarred and thickened. The anterior cusp was 
normal. In the posterior segment was found the defect created by the carclio- 

valvulotome (fig- I, O- 


CoimMiiJ.— Both of these dogs were in good health throughout the 
postoperative period. No peripheral edema, demonstrable asaKs or 
other evidences of cardiac decompensation were apparent a an^ 
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Thci-c results are in marked contrast to those that followed partial 
resection of experimental stenosis of the mitral valve in which the 
immediate mortality was SO per cent and the final postoperative mortality 
was 100 per cent.'' 

Because of its comparatively superficial position, the pulmonic valve 
is relatively accessible to surgical attack. The localization of instru- 
ments within the pulmonic orifice may be assisted by both the hand and 
the eye. With these facts in mind, supported by the increasing tendency 
of surgery to encroach on the domain of the heart and accompanied by 
the realization that this organ will tolerate hitherto unsuspected opera- 
tive manipulation, one may hope that eventually certain selected patients 
with congenita] pulmonic stenosis will be relieved by surgical treatment. 

The application of such treatment should be limited to the group of 
cases described by Abbott in which “the stenosis is usually valvular due 
to a foetal endocarditis setting in in later embryonic life after the 
cardiac septa have closed.” 

The difficulties of making such a clinical diagnosis are great, 
and the group of cases uncomplicated by other congenital cardiac 
abnormalities is small. Furthermore, a heart laboring under the embar- 
rassment of an impaired cardiac or circulatory mechanism does not 
tolerate operative manipulation with the same complaisance as does the 
normal heart. And lastly, the patient with cardiac disease, either con- 
genital or acquired, will submit to operation only as a last resort. 
Nevertheless, with improvement in diagnostic facilities and operative 
technic, surgical invasion of the field of congenital heart disease is not 
beyond the realm of possibility. 

SUMMARY 

Electrocoagulation of the pulmonic valve was performed on six dogs 
and followed by intravenous inoculation with cultures of Streptococcus 
viridans. Acute vegetative endocarditis developed on the traumatized 
valve. As these lesions healed, the cusps of the valve became thickened, 
fibrous and inelastic ; the edges tended to adhere to one another, and the 
end-result was actual stenosis of the pulmonic orifice. 

Two of these animals with experimental pulmonic stenosis were sub- 
jected to partial resection of the stenosed valve. The operation was 
well tolerated, and the animals lived for twenty months without evidence 
of cardiac decompensation. 

The suggestion is made that the condition, in certain selected patients 
with congenital pulmonic stenosis, ma)’- be amenable to surgical treatment. 

3. Powers, J. H. : The Surgical Treatment of Mitral Stenosis: An Experi- 
mental Study, Arch. Surg. 25:555 (Sept.) 1932. 



LOSS OF PROTEIN FROM THE BLOOD STREAM 

EFFECTS OF THE INJECTION OF SOLUTION OF PITUITARY AND 

OF EPINEPHRINE 

ALFRED BLALOCK, M.D. 

HARWELL WILSON, M.D. 

B. M. WEINSTEIN, M.D. 

AND 

J. W. BEARD, M.D. 

NASHVILLE, TENN. 

In previous studies/ the composition of the blood with particular 
reference to the protein content has been determined in experiments 
in which a decline in blood pressure produced by a variety of means 
was accompanied by the introduction of fluids. The fluids were injected 
intravenously in most of the experiments, and they included those fre- 
quently used in treating shock. In one group of studies, an unex- 
plained decline in blood pressure occurred. This drop appeared either 
before or shortly following the beginning of the introduction of fluid 
intravenously into normal anesthetized dogs. Usually the arterial pres- 
sure remained depressed for only a short time and then returned to the 
previous control level. The decline in blood pressure occurred in a few 
of the experiments in which solutions of salt or of dextrose were used, 
and in most of those in which an unpurified solution of acacia was 
injected. In all of the experiments in which the blood pressure declined, 
the introduction of the fluid was accompanied by a decrease in the 

From the Department of Surgery of Vanderbilt University. 

1. Beard, J. W., and Blalock, Alfred: Intravenous Injections. A Study of the 
Composition of the Blood During Continuous Trauma to the Intestines When no 
Fluid Is Injected and When Fluid Is Injected Continuously, J. Clin. Investigation 
11:249 (March) 1932. Blalock, Alfred; Beard, J. W., and Thuss, Charles; Intra- 
venous Injections. A Study of the Effects on the Composition of the Blood of the 
Injection of Various Fluids into Dogs with Normal and with Low Blood Pressures, 

J. Clin. Investigation 11:267 (March) 1932. Beard, J. W. ; Wilson, H. ; Wein- 
stein, B. M., and Blalock, A : A Study of the Effects of Hemorrhage, Trauma, 
Histamine and Spinal Anesthesia on the Composition of the Blood When no Fluids 
.'\re Injected and When Fluids Are Introduced Intravenously, J. Qin. Investiga- 
tion 11:291 (March) 1932. Blalock, Alfred, and Beard, J. W.: The Effects on 
the Composition of the Blood of tlie Subcutaneous Injection of Normal Salt Solu- 
tion into Normal Dogs and into Dogs Subjected to Intestinal Trauma, Graded 
Hemorrhages and Histamine Injection, J. Clin. Investigation 11:311 (^farch) 193-. 
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absolute amount of plasma protein. In other experiments,^'^ a decline 
in blood pressure was produced by the subcutaneous injection of hist- 
amine. The introduction of fluids into these animals was accompanied 
by a decrease in the absolute amount of plasma protein. That a decline 
in blood pressure per se is not the sole factor responsible for the loss 
of protein was shown in additional experiments in which the effects 
of hemorrhage and the introduction of fluids were studied. The decline 
in blood pressure in these experiments was not accompanied by loss 
of protein, except for that removed in the blood. When a drop in 
blood pressure was produced by the injection of procaine hydrochloride 
into the spinal canal, the loss of protein was not great. 

The present experiments were undertaken in order to determine 
whether or not the loss of protein that was found in the experiments 
in which the unexplained declines in pressure appeared and in those in 
which histamine was injected could be prevented by the injection of 
solution of pituitar}' and of epinephrine. Concerning the actions of 
these drugs Krogh - stated : 

A minimal dose of adrenalin, injected into the blood or added to a perfusion 
fluid, normally diminishes the flow of blood to the organs studied, and such an 
effect is without doubt brought about by constriction of arterioles. Pituitrine, on 
the other hand, appears to have no effect in minute dose on the rate of inflow of 
blood, but a distinct effect on the blood color, brought about by constriction of the 
skin capillaries and venules. 

METHODS 

Dogs were used in all experiments. Morphine sulphate was employed as the 
narcotic. The studies included determinations of the blood pressure, hemoglobin 
and hematocrit readings and of the content of the blood serum in total protein, 
albumin and globulin. In the control studies, the blood volume was also deter- 
mined. In subsequent studies, alterations in the blood volume were calculated from 
changes in the hemoglobin and hematocrit readings. In some of the experiments, 
the decline in blood pressure was produced by the introduction of from 6 to 10 cc. 
of 6 per cent unpurified acacia solution into the external jugular vein. In several 
instances the replacement of the blood that was removed for the control studies 
was associated with a decline in the blood pressure. In the remaining experiments, 
the decline in blood pressure was produced and maintained by the repeated sub- 
cutaneous injection of histamine. Simultaneously with the beginning of the decline 
in blood pressure, physiologic solution of sodium chloride was introduced intra- 
venously at the rate of 10 cc. per kilogram of body weight per hour, and this was 
continued for four hours. The drugs were administered in three different ways. 
In some experiments, the solution of pituitary or epinephrine was placed in the salt 
solution that was injected intravenously. In other instances the drug was intro- 
duced intravenously in fairly large amounts during the early part of the experi- 
ments \vithout diluting it with salt solution. In the remaining e.xperiments, the 
administration was by the subcutaneous route. The total quantities of solution of 
pituitarj' and of epinephrine that were given in the various e.xperiments varied 

2. Krogh, A. : The .A-natomy and Physiologj- of the Capillaries. New Haven, 
Conn., Yale University Press, 1929. 
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from 0.1 to 0.3 cc. per kilogram of body weight. The various determinations were 
performed one hour, two and one-half hours and four hours following the beginning 
of the introduction of fluids, and also one and one-half hours and three hours fol- 
lowing the termination of the injections. 

RESULTS 

Twenty experiments were performed. The mean arterial blood 
pressure was maintained at a level of less than 100 mm. of mercury in 
all of the experiments in which histamine was injected. In approxi- 
mately one half of the experiments in which the decline in pressure 
followed the introduction of acacia or of blood, there was a return 
shortly thereafter to the previous control level. In the remaining experi- 
ments the pressure remained definitely depressed. In all experiments 
there were a decrease in the volume of plasma, a diminution in the per- 
centage of protein and a marked decrease in the absolute amount of 
plasma protein. The results do not differ from those of the experiments 
reported previously in which solution of pituitary and epinephrine were 
not injected. However, it was necessary to use larger amounts of his- 
tamine in the present experiments in order to keep the blood pressure 
at a low level. The results of the experiments in which solution of 
pituitary or epinephrine was introduced with the salt solution into ani- 
mals in which the unexplained decline in blood pressure occurred are 
given in tables 1 and 2. The findings in the other experiments did not 
differ from these. 

SUMMARY 

Experiments were performed in which a decline in blood pressure 
was produced by the introduction of histamine, of unpurified acacia and 
of incompatible blood, and salt solution was injected continuously intra- 
venously. The introduction of solution of pituitary or of epinephrine in 
the amounts used in these experiments did not prevent the loss of pro- 
tein from the circulation. 
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MISCELLANEOUS CONDITIONS 

Osteochondritis Dissecans Capituli Radii. — Nielsen-- reported 3 
cases of osteochondritis dissecans occurring in the radial head. In each 
case the defect occurred on the inner articular margin of the head of 
the radius. There was no history of trauma. Clinically, there were 
weakness, severe pain in the elbow on motion, blocking motion and 
muscular atrophy. Roentgenologically and at operation, the tt^pical 
appearance of the loose body with a defect in the articular surface was 
observed. In the author’s clinic, during the past seven years, operations 
were performed in these 3 cases of osteochondritis dissecans in the 
radial head and in 35 cases of osteochondritis dissecans in the humeral 
head. 

Avulsion of the Anterior Superior Iliac Spine. — Rothbart reported, 
with x-ray illustrations. 2 cases in which the anterior superior spine of 
the ilium was torn off b\" indirect Auolence and displaced. Onlv 1 other 
case, reported by Kohler, is recorded in the German literature. 

22. Nielsen, A.; Acta chir. Scandinav. 69:305, 1932. 

23. Rothbart. L.: Zentralbl. f. Chir. 59:781, 1932. 
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[Ed. Note. — One of the editors has recently seen an example of this 
injury in a stout boy. The injur}’’ occurred during a foot race.] 

Rupture of the Pectoralis Major. — Borchers and Tontscheff-^ 
reviewed the clinical findings in rupture of the pectoralis major muscle. 
This injury is most apt to occur when an external force strikes the 
muscle at a time when it is in a state of contraction. A visible flatten- 
ing and loss of function are the outstanding signs of rupture in the 
muscles. 

Mechanics of Muscular Contractures in the Wrist and Fingers. — In 
discussing muscular contractures of the wrists and fingers, Steindler 
emphasized the biophysics of the condition and attacked the problem 
under four headings, as follows: (1) the paralytic contractures, including 
those due to infantile, obstetric and peripheral paralyses; (2) the inner- 
vational contractures represented by the spastic paralyses ; (3) the histo- 
chemical or ischemic contractures, and (4) the arthrogenic contractures, 
or those subsequent to an arthritic process and resulting not from 
the inherent muscle contracture alone, but from gravity and external 
resistances. The mechanism of development of each type of contrac- 
ture was carefully discussed. In the treatment of any such contracture, 
Steindler would exhaust every effort of conservative treatment, con- 
sisting of stretching and muscle training, before resorting to operative 
measures. The procedures for the operative release of contractures 
mentioned by the author were: (1) lengthening of the tendon, (2) 
stripping of the tendon, (3) the injection of alcohol and resection of 
the motor nerve, (4) juxta-articular osteotomies and (5) simple 
myotomies. 

Rupture of the Long E.vtensor Tendon of the Thumb. — A case of 
rupture of the tendon of the long extensor of the thumb was reviewed 
by Lapeyre.-® The patient, aged 55, suffered from pain and swelling 
following a fall on the extended wrist. Twelve days later there was a 
sudden sharp pain in the thumb, and from that time on the second 
phalanx of the thumb could not be extended. The normal contour of the 
extensor tendon was absent. The ruptured end of the tendon was not felt. 
X-ray pictures showed a fracture of the lower end of the radius without 
displacement. Operation was refused. The author stated that rupture 
.of this tendon falls into two categories: (1) spontanous ruptures with- 
out a history of injury; all the cases reported in this group occurred 
among military drummers; (2) ruptures following trauma, usually a 
fracture of the lower end of the radius. Twenty-eight cases of spontane- 
ous rupture were reported. The lesions always occurred on the left side 

24. Borchers, E., and Tontscheff, P. : Zentralbl. f. Cliir. 59:770, 1932 

25. Steindler, J. Bone & Joint Surg. 14:1, 1932. 

26. Lapeyre. J. L. : Presse med. 40:456. 1932. 
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among drummers who had been in service a long lime. There was 
usually a history of swelling on the dorsal surface of the thumb of 
some duration. Then suddenly there was a slight sharp pain, occasion- 
ally a palpable snap, and the drtim.slick fell out of the hand. Some 
ruptures were incom]ilctc : others were complete. In all cases it 
appeared that the tendon had undergone some weakening change, such 
as a tenosynovitis. Fifty-one cases of traumatic rupture were reported. 
The majority of patients were elderly. Thirty-nine cases were accom- 
panied by fracture of the lower end of the radius. This fracture was 
often insignificant. There was an interval of days and sometimes weeks 
between the injury and the rupture. The movement producing rupture 
was often slight. The essential symptoms were a slight snap accom- 
panied b}" ver}"^ little or no pain, followed by an inability to extend the 
distal phalanx of the thumb. The site of rupture was always close to 
the belly of the muscle. The mechanism of these ruptures was not 
definitely understood. The author believed that following trauma the 
tendon becomes strangulated in its sheath by rupture of the tenaculum 
tendinum containing the nutrient blood vessels. Without nourishment 
the tendon degenerated, became atrophic and ruptured during some 
slight movement of the thumb. Treatment was surgical, with repair of 
the ruptured tendon. Conservative methods were successful only in the 
few cases in which rupture was partial. 

Rupture of the Extensor and Flexor PoUicis Longus Tendons Fol- 
lowing Colics’ Fracture . — Two cases, 1 of rupture of the extensor pollicis 
longus tendon and the other of rupture of the flexor pollicis longus ten- 
don, were reported, and the literature concerning 27 cases of the former 
was reviewed by jMcilaster.-" The author was unable to find any reported 
cases of rupture of the flexor pollicis longus tendon. Both of the 
author’s cases followed Colles’ fractures. One occurred approximately 
one month after the fracture, and the second four months after injur}-. 
Both came on spontaneously without pain and without direct injur}^ 
Disabilit}'- in using the thumb was the outstanding symptom in both 
cases. There was no pain. In regard to the cause of this condition, the 
author suggested two possibilities : ( 1 ) partial severance of the tendon by 
a sharp edge of bone at the time of the fracture, or (2) local tendon 
necrosis due to a disturbed blood supply. Both patients recovered com- 
pletely after an open operation. 

OPERATIOXS ox THE BOXES. JOIXTS AXD TEXDOXS 

Translocation of Tendons. — V'on Baeyer described what he called 
translocation in preference to transplantation of tendons because of the 

27. McMaster, P. E. ; J. Bone & Joint Surg. 14:93, 1932, 

28. von Baeyer. H.: Zentralbl. f. Qiir. 58:3140, 1932. 
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relalivcly simple teclmic of the former, 'Die trse of this procedure in 
four situations was discussed; (1) In paralysis of the calf muscles with 
good pcronci. a groove was made in the long axis of the tendo achillis. 
in the tuberosity of the os calcis on the lateral aspect. The tendon of 
the pcroncus longus was translocated or dislocated into this groove. 
The tension of the muscle produced an equinus deformity, which dis- 
appeared in a few weeks. It soon functioned normally in the new loca- 
tion. (2) In paralysis of the tibialis anterior with a good extensor 
longus hallucis, a groove was made on the scaphoid in its medial plane. 
The extensor longus hallucis tendon was translocated into this groove, 
and the foot was immobilized in supination with the great toe in a 
neutral position. (3) In palsy of the quadriceps muscle, the sartorius 
was attached to the atrophic patellar ligament, and one or the other of 
the internal hamstrings was also transplanted. (4) In habitual dislo- 
cation of the shoulder, the long tendon of the biceps was freed and the 
intertubercular sulcus of the humerus was deepened and lengthened to 
the center of the humeral head. The tendon of the long head of the 
biceps muscle was translocated into this groove. 

[Ed. Note. — Procedures 1 and 2 are new to the editors. Procedure 
3 is a tendon transplantation which is carried out in many clinics in 
this countiy and abroad. Procedure 4, while similar to the Nicola 
operation, has the disadvantage of injuring the articular cartilage.] 

Plastic Repair of the Anterior Crucial Ligament. — Porzelt devised 
a procedure for the repair of the anterior crucial ligament. A pedicled 
ligament was obtained from the inner aspect of the joint capsule, leaving 
it attached at its base. This ligament was brought through the tibia and 
sewed to the portion of the anterior crucial ligament still attached to the 
femur. The articular capsule was repaired. Good functional results 
were reported. 

[Ed. Note. — It is questionable whether operations that attempt 
repair of the crucial ligament to correct instability of the knee joint 
should be advocated. In the cadaver, at least, the lateral ligaments 
seem to be of much more importance, since division of the anterior 
crucial ligament through a punctate incision in the capsule by one of 
the editors produced little instabilit}^ The recovery of stability in the 
joint after rupture of a crucial ligament seems to depend chiefly on the 
lateral ligaments of the knee joint and on. muscle tone.] 

Operation for Obstetric Paralysis. — ^Kleinberg®” reported 8 cases of 
obstetric paralysis, of the upper arm type, in which he performed an 
operation consisting of subperiosteal reflection of the external rotators 

29. Porzelt, W. : Zentralbl. f. Chin 59:658, 1932. 

30. Kleinberg, S. : Reattachment of the Capsule and External Rotators of 
Shoulder for Obstetric Paralysis, J. A. M. A. 98:294 (Jan. 23) 1932. 
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anii ;i p'Mtion of ilir c.ipMiIr nf the slmtilflcr joint, for a rlistancc of Iwo- 
tliiids till’ circnniforcncc of the iitiincrns. ^'I^c subscapiilaris was also 
M '-rctod .'-nlijHTio.'-U’.iIly. 'I'lio arm was ]inl in a position of aI)cInction 
anti cNtrrnnl rotation, "l lu' stnictnros tlifii rcaltacliccl themselves in 
their new positions. In the 'lisenssion which followed, .Sever pointed 
out the importance of also dividing the i)ectoralis major tendon, and he 
said that frequently the cor.acohrachialis was a deforming factor. 

SurairnI .-If' {'roach in Old Posterior Dislocation of the Elbozu . — 
Van Gorder dcscrihcd his technic for operative rcdnclion of an old 
]ioslcrinr dislocation of the elhow. It consisted essentially in dividing 
the triceps tendon transversely one-half inch (1.27 cm.) above the 
olecranon. The ulnar nerve was exposed and carefully protected. 
.Adhesions were then freed and the dislocation genti}' reduced. The 
divided triceps tendon was then sutured cither with fascia lata or with 
a portion of the Achilles tendon. Active exercises were started two 
weeks after operation. Five cases were presented, with illustrations. 

Operative Procedures for Paralytic Talipes Calcaneus. — Whitman 
was opposed to transplantation of the tibialis posticus and peronei 
muscles for the correction of paralytic talipes calcaneus as advocated 
by Lange.-’’’ He advised astragalcctomy for this condition. He con- 
sidered the astragalus the key of the deformity, and he thought that 
baclcward displacement of the foot and the contact between the tibia 
and fibula and the tarsal hones secured lateral stability and checked 
dorsal extension of the foot, thus supplying the resistance essential for 
normal gait. He referred to Miltner,’^ who, in 112 cases in which 
astragalcctomy was performed, reported good results in 101 cases, fair 
results in 6 and poor results in 5. 

FRACTURES 

Marching Fractures of the Metatarsal Bones. — Straus” reported a 
case of unrecognized marching fracture, or spontaneous fracture of the 
second metatarsal bone, in an obese woman. X-ray pictures taken 
before operation showed no fracture, but new bone formation. An 
exploratory operation showed an old transverse fracture of the meta- 
tarsal bone surrounded by callus. The author reviewed various hypoth- 
eses concerning the etiology. He suggested that if the fatigued 
muscles failed to support the osseous structures of the foot, fracture 
might occur. 

31. Van Gorder, G. W. : J. Bone & Joint Surg. 14:127, 1932. 

32. Whitman, R. : J. Bone & Joint Surg. 14:242, 1932. 

33. Lange, F. : J. Bone & Joint Surg. 13:479, 1931 

34. Miltner, L. J. ; J. Bone & Joint Surg. 13:502, 1931. 

35. Straus, F. H. : Surg., Gynec. & Obst. 54:581, 1932. 
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[Ed. Xoti:. — T hi.'^ case is of interest, since ami)ulation of the foot 
was suggested on the assnmpti*)n that a malignant condition existed. 
These eases may simulate malignant periosteal lesions and may he .so 
diagnosed because a history of trauma is ahseul.| 

Trcatvidit of Ccninil Luxation of the Peuntr. — Bahini discussed 
the treatment in central dislocation of the femoral head. Two cases 
were reported in which the lesion followed a severe fall on the greater 
trochanter of the afVected side. Reduction, with a .satisfactory end- 
result, was obtained in l)oth cases by skeletal traction on the greater 
trochanter with counter-traction on a plaster spica. 

Fractures of the Knee, “Bunifer Tyfc.” — Carey"' described a 
method of closed reduction in fractures about the knee commonly called 
the “bumper type.” The method consisted of manual reduction of the 
fibular head and replacement and reshaping of the tibial condyle with a 
mallet. Plaster immobilization was continued for three weeks, when 
physical therapy was begun. Weight bearing was permitted in from 
nine to eleven weeks. Forty-five cases were reviewed. The mechanics 
of the production and associated injuries were discussed. The author 
thought that a rupture of the external lateral ligament should be assumed 
to be present in many cases. 

[Ed. Note. — In the editors’ experience, the internal lateral ligament 
is the one usually injured.] 

Treatment of Compression Fractures of the Articular Surface of the 
Tibia. — Hulteu stated that pain occurred about the knee if a condyle 
of the tibia was permanently displaced downward from 0.5 to 1 cm. 
after fractures. AVhen attempts at closed reduction did not secure the 
normal anatomic relationship, open reduction was advocated. For old 
cases he described a method of drirfing in a bone wedge from the tibia 
into the lowered condyle to level the condyles. 

Longitudinal Fractures of the Patella. — Lapidus called attention 
to the not infrequent occurrence of longitudinal fracture of the patella, 
and pointed out that such an injury frequently went unrecognized 
because of failure to take proper x-ray pictures. The writer reviewed 
the literature and collected the cases of 13 patients treated by himself 
or his colleagues in two years. In 9 of these cases the fracture was 
in the usual place, i. e., in the junction of the outer and middle quarters 
of the patella. He thought that most such fractures were produced 
indirectly b}'^ muscular pull with the knee flexed, thus producing pressure 
between the femoral condyle and the outer pole of the patella. It was 

36. Babini, R. : Cliir. d. org. di movimento 16:546, 1931. 

37. Carey, N. A.: California & West. Med. 36:226, 1932. 

38. Hulten, O. : Zentralbl. f. Chir. 59:344, 1932. 

39. Lapidus. P. W. : J. Bone & Joint Surg. 14:351, 1932. 
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inij't'Mant to (iisViicntialc such ;i I'r.icfun- from a congenital anomaly. 
In iirdcr to ih ninnstratc a longiiiidina! irarlnrc of tlie patella, he sug- 
gc-Icd l.aking n. fociilgeiiogram In- placing the anterior aspect of the 
tiiigh on the N-niy him and flexing t!ie leg on the thigh. 

O.v I'vi/jnnuiit iviil J-rndurcs of the Posterior Aspeet of the Astrag- 
n/n.^.— ( ihigi and Morelli *" dissected 80 cadavers, and in 35 feet a 
posterior aslragalar process longer tlian 5 mm. teas found. In 16 feet 
a .smaller process was noted. In 2 ca.ses a posterior process was covered 
with articular cartilage. In only one instance was an os trigonum found. 
Tile authors, therefore, found a well developed posterior astragalar 
process in 21. <8 per cent of the ankles. .Sixteen cases, 1 bilateral, of 
fractures of the posterior nstnigalar jiroccss were reported, 9 in detail. 
.8evcral cases occurred in conjunction with adjacent fractures. The 
fractures caused acute pain in the ankle, swelling and tenderness. Coni- 
jilete recoveries followed immobilization. Shepher, in 1882, first 
described this fracture, .-k review of the literature was given. 

An/c Results in Pntclurcs of the Olecranon . — iMadlener and 
^^■icncrt *' reviewed 36 cases of fracture of the olecranon. In 24 of 
these cases an operative reduction was performed, and 12 patients were 
treated conservatively. Wire was used for suture in the operative 
reductions. Belter functional results were observed in the patients 
treated conservative!}-. In the group requiring operation, the results 
were good in only slightly more than half of the cases. In 14 of 22 
patients examined" from two to nine years after treatment, an arthritis 
deformans had developed. 

CoUes’ Fracture.— Czeg '- analyzed the roentgen findings in 100 
cases of Colics’ fracture accompanied by fracture of the ulnar styloid 
and correlated them with anatomic dissections in an effort to ascertain 
the cause of the fracture of the ulna. He concluded that fractures at 
the base of the ulnar styloid were due to the pull of the displaced intra- 
articular fibrocartilage of the Avrist joint, and at the middle and tip of 
the styloid b}"- the pull of the ulnar collateral ligament. 

supping of the Upper Femoral Epiphyses.— Ferguson and 
Howorth reported their observations in 70 cases of slipping of the 
upper femoral epiph 3 'sis observed at the New \ ork Orthopedic Hospital. 
Sixty-three cases were seen in adolescent patients, w^hile 7 w ere observed 

40. Ghigi, G., and Morelli, A. : Chir. d. org. di movimento 16:499, 1931. 

41. Madlener, M. J., and Wienert, B.: Arch. f. klin. Chir. 168:577, 1932. 

42. Carp, L.: The Roentgenologic Displacements in Colies’ Fracture: With 
Special Reference to the Mechanism of the Accompanying Fracture of the Ulnar 
Styloid; A Report of One Hundred Consecutive Cases, Arch. Surg. 24:1 (Jan.) 
1932. 

43. Ferguson A. B., and Howorth, M. B.: Slipping of the Upper Femoral 
Epiphysis: A Study of Seventy Cases, J. A. kf. A. 97:1867 (Dec. 19) 1931. 
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in “adult residuals.” Fifteen eases were bilateral. The age of onset 
ranged from 8 to 15 year.s. Only 65 per cent of the i)atients were over- 
weight. Trauma, as a rule, was trivial as an etiologic factor. The 
theoiy of infection was suggested as a possible cause. Tlie early signs 
and symptoms in the “preslip stage” were enumerated, and the means of 
diagnosis both from the ph 3 ’sical examination and from the x-ray plate 
were described. In regard to treatment, of 21 attempted closed reduc- 
tions, IS failed, 6 cases later coming to open operation. In 11 cases 
open reduction was attempted, with fair anatomic success in onh’ 3. 
In five of the 11 eases the head was freed at the epiphyseal line, while 
in 6 cuneiform osteotomy was performed near the epiphyseal line. In 
4 cases subtrochanterian osteotomy was done when there was a dis- 
placement of from' five-eights to seven-eighths inch (0.9 to 1.5 cm.). 
The authors favored the open operation, with drilling of the femoral 
neck across the epiph 3 ''seal line in 3 'oung patients in the preslip stage. 
The}' felt that no serious interference with growth would occur. They 
regarded the preslip stage as a real emergency, and favored absolute 
rest in bed or open operation with drilling. 

Repair of Ummited Fractures of the Neck of the Femur . — 
Magnuson advocated an operation which he believed restored the 
normal weight-bearing lines and anatomy more nearly than the various 
other operations designed to improve this common disabling condition. 
The ununited head of the femur was hollowed out with a burr so as to 
form a cup the deepest j^art of which was pointing upward rather than 
at the center of the hip joint. The trochanter was then removed, and 
the stump of the neck was remodeled so as to fit into the cup-shaped 
head. The trochanter was then reattached to the femoral shaft. Weight 
bearing was started in eight weeks. 

Lateral Dislocation of the Vertebrae. — Lawson reported 3 cases 
of lateral dislocation of a vertebra. The first and third patients were 
seen shortly after injury, while the second patient was observed four 
months after the original trauma. An attempt was made to reduce the 
dislocation by open operation in the first instance, but this was unsuc- 
cessful. The second patient was untreated, and no mention was made of 
the treatment in the third case. In all cases, accompanying the disloca- 
tion there was extensive damage to the laminae and the transverse 
processes. In the first case, the dislocation was of the fourth lumbar 
segment on the fifth sacral vertebra; the second case presented disloca- 
tion of the fifth lumbar segment on the first sacral vertebra. 

Vertebral Fractures Without Injury to the Cord. — In a series of 
215 patients with fractures involving the spinal column collected by 

44. Magnuson, P. B. : The Repair of Ununited Fracture of the Neck of the 
Femur, J. A. M. A. 98:1791 (May 21) 1932. 

45. Lawson, J. D. : J. Bone & Joint Surg. 14:387, 1932. 
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(.'onwrll."''' there were 100 ]):itien(s with vertebral fractures without 
injury tu tlic cord. I'roin these 100 cases he drew the following con- 
clusions: linniediate splinting of the injury is important; when a spinal 
fracture is suspected, tlie patient should he transported prone. Negative 
x-ray ])ictures immediately after injury do not always rule out fracture; 
in a number of cases, later vertebral collapse may be observed. Com- 
idcte reduction of the fracture is desirable, but is not ahva3's necessar}- 
for a good functional result. Later collapse ma)' occur after reduction. 

Operative fusion is indicated, particularly if there is delayed heal- 
ing of the fracture and severe persistent pain. Fusion, however, does 
not always relieve the pain. Ostco-arthritis is commonly observ'ed as 
a complication in patients over 40. Manipulative reduction under gen- 
eral anesthesia is necessary in only a few cases. In most instances 
reported, gradual hyperextension of the spine was used, with an 
adjustable convex Bradford frame, for fractures with compression of 
the anterior portion of the vertebral bodies. When reduction was 
accomplished, a plaster case was molded to the body. • Conwell advised 
immediate reduction of the fracture dislocation of the cervical vertebrae, 
followed by fixation in a plaster cast. When there is great danger of 
injury to the cord, he advised constant traction. Dislocation of the 
dorsal and lumbar vertebrae is best treated by constant traction. 

Manipulative Reduction in Fractures of the Spine . — Davis gave 
the subsequent course in several cases of spinal fracture followed up 
for five years in which his method of combined passive and active 
hyperextension of the spine was used. No late changes occurred in the 
reduced spinal fractures. Emphasis was placed on an immediate 
decision in fracture of spines with paraly'sis as to whether laminectomy 
or reduction should be done. The author thought that in the great 
majority of cases reduction of the impacted fracture of the centrum 
of the vertebra, thereby enlarging the neural canal, is of more import- 
ance than laminectomy, as it accomplishes a similar purpose without 
altering the deformity. 

[Ed. Note. — ^The value of Davis’ manipulative reduction of spinal 
fractures is unquestioned. Since his original article many cases have 
been handled successfully by others. This method, without doubt, 
shortens convalescence and is accompanied by a higher percentage of 
complete recoveries.] 

New Method of Treating Fractures Using the Well Leg for 
Counter-Traction . — Anderson described a method of treating frac- 
tures of the pelvis, femur and tibia in which skeletal traction is made 


46. Comvell, H. E. : South. M. J. 25:141, 1932. 

47. Davis, A. G. : .A.m. J. Surg. 15:325, 1932. 

48. Anderson, R. : Surg., Gynec. & Obst. 54:207, 1932. 
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EXPERIjMENTAL obstructi\'e jaundice 

ITS EFFECT OX FIBRIXOGEK AXD COAGULATIOX OF THE BLOOD 

WALTER MOSS, M.D. 

House Surgeon, Charitj- Hospital 
REW ORLEAXS 

The scientific explanation oi tiie hemorrh^c tendency in patients 
suffering witli jaundice has been energetically sought for by a great 
number of investigators, some of whom are apparently definitely 
convinced by the results of their experimental work tliat tlie problem 
is settled. It is difficult for one renewing the literature to come to 
any definite conclusion in his own mind relative to this phenomenon, 
because of the wide diversiW of opinions and because of tlie conflicting 
data in the literature. 

The fibrinogen content of the blood plasma has not been investigated 
carefully from an experimental standpoint as a possible cause for this 
hemorrhage, and it was with that in mind that the work herein submitted 
was done in an attempt to arrive at some solution of tliis perplexing 
and vexing problem. 

After considering tins subject tlieoreti'callv, it seems that the hemor- 
rhagic tendency in these patients might be attributed to tlie presence 
of abnormal amounts of fibrinogen, whicli plays such a prominent role 
in the coagulation of the blood. It is conceded that the greater part 
of the blood fibrinogen has its origin in the liver, and the fibrinogen 
content of the plasma has been shown to vaiy- with conditions of the 
liver. It is assumed, of course, tliat obstruction to tlie outflow of bile 
by the normal route causes more or less hepatic damage. 

The restoration of fibrinogen to its normal level in the blood after 
depletion from any cause, e. g., bleeding, is almost exclusively accom- 
plishcd by the liver, as was indicated by Howc.^ l^fann and BoIIman " 
demonstrated that following complete extirpation of the liver the fibrino- 
gen of the blood did not rctum to its normal level after bleeding. Recent 
investigations, particularly those of Howe,“ point to the liver as the 
main source of supply of fibrinogen. 

From the Dcp.ir*.mcp.t c: Serperj', TuLir.c Univerfhv. 

Thesis submiiictl to t!ic f.-c-jlty cf the Grsdvntc Sc.h^I rf Tut.-r-- L’nivcri-tv 

p.wtiAl fuit'.Irs'.cnt ct the rcoi'.vTcer.cr.ts icr the deerce c; h;e‘tcr r: Frier"'. 

1. Howe; 1. Birl. Ci-icm. S7:2?? fAec."! 1923. 

2. Mrirn r,rd rrlhrar!: P.-oc. ?tr.:T Mttt-. Mey,-- Gir., -J:.*:; f.\x, 192;-'. 

3. Hev.'c: riiytjr'. Kcv. 5:-39, 3P23. 
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content of blood serum in jaundice. The reduction noted was considered 
more apparent than real. Koechig arrived at the same conclusion. 
Walters and Bowler,^® Snell, Greene and Rowntree and Zimmerman 
found no change in serum calcium in obstructive or other types of 
jaundice. Kirk and King^® reported moderate reductions in total cal- 
cium, but greater reductions in diffusible calcium, emphasizing the 
importance of the role that the diffusible, or ionizable, calcium plays 
in coagulation. Emerson corroborated the findings of Kirk and King 
by a series of experiments, and called attention to the fact that the 
probable source of error obtained by other investigators was the dis- 
regard of the effect of ether anesthesia. He demonstrated that specimens 
of blood taken during or shortly after ether anesthesia show an increase 
in calcium content of the serum. The experimental results obtained by 
Emerson are not fraught with this error. He showed that in jaundice 
the serum calcium is diminished concomitantly with diminished coag- 
ulability of the blood, and he was able to restore calcium to the normal 
level by administration of calcium salts in therapeutic doses. Emerson 
also found an increase in serum calcium in animals with biliary fistulas. 
Buchbinder and Kern found no alteration in serum calcium after 
ligation of the common bile duct of the adult dog, but a progressive 
decrease after the same procedure in the puppy. Subsequently, these 
same authors found that, after producing obstructive jaundice in 
thyroparathyroidectomized animals, there resulted a diminution or an 
absence of tetany. The period of survival of the animals suffering with 
tetany was prolonged if the jaundice was maintained over a considerable 
length of time. If, after removal of the parathyroid glands, the animals 
were subjected to “acute” jaundice, they suffered with severe and ter- 
minal tetany. The conclusion was drawn that tetany was altered by 
obstructive jaundice, on the basis of (1) the response of the thyro- 
parathyroidectomized animal, (2) the relief from tetany following 
intravenous injection of bile and (3) the absence of tetany in late 
obstructive jaundice in the puppy with calcium at the tetanic level. 
One is here reminded of the action of bile as a depressant of the central 

15. Koechig: J. Lab. & Clin. Med. 9:679 (July) 1924. 

16. Walters and Bowler: Surg., Gynec. & Obst. 39:200 (Aug.) 1924. 

17. Snell; Greene, and Rowntree: Diseases of the Liver: Comparative Study 
of Certain Tests for Hepatic Function in Experimental Obstructive Jaundice, 
Arch. Int. Med. 36:273 (Aug.) 192S. 

18. Zimmerman: Am. J. M. Sc. 174:379 (Sept.) 1927. 

19. Kirk and King: J. Lab. & Clin. Med. 11:928 (July) 1926. 

20. Emerson: J. Lab. & Clin. Med. 14:122 (Nov.) 1928. 

21. Buchbinder and Kern: Experimental Obstructive Jaundice: II. Modifica- 
tion of the Parathyroid Tetany Mechanism in Jaundice, Arch. Int. Med. 41:754 
^May) 1928. 
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nervous syslnn ; i. r.. it r;iiscs tin: tiircshold of nervous excitability. 
Sitell and tneene ■'* einjtliasir.ed tlie fact that there is no agreement con- 
cerning the variation in the calcium content of the serum in jaundice. 
T liey fontnl tlial in jatmdice all the fractions of the scrum calcium — 
the total, the nondirfusihlc and the diffusihle — arc equally aftcctcd. 
1 hey concluded th.at the amount of alteration in the diffusible calcium 
of jatmdiced j'atients is not significant, 'j'hc coagulation time was not 
considered by Snell, t ireenc and Rowntrcc, hnt they expressed the belief 
that it is affected hy calcium in some more complicated mechanism 
rather than directly. 'I'he variation in dogs and jiatients was reported 
insignificant. Gunther and Greenberg stated that a review of the 
literature jiroduced no jiroof of a deficiency of available calcium in 
the blood of jaundiced jiatieiits. nor any direct proof of a deficienc}' 
of diffusible calcium in the scrum. The}- observed in jaundiced patients 
a diminution in the nondiffusiblc calcium, but parallel with this was a 
loss of scrum albumin accounted for by a decrease in total serum pro- 
teins. They contended that this cannot be interpreted as an indication 
of a deficiency of available calcium. The}' found that the concentration 
of nondiffusiblc calcium was low in a few patients with jaundice, but 
that there was an accompan3dng lowered concentration of serum albumin, 
•and that the concentration of neither serum albumin nor nondiffusiblc 
calcium fluctuated with the degree of jaundice. The nondiffusible frac- 
tion of serum calcium was considered to be low as a result of the low 
serum albumin. It was shown that the value of diffusible calcium is a 
more accurate measure of the physiologically available calcium than 
the value of either the nondiffusible or the total calcium fraction in 
the serum. Gunther and Greenberg contended that factors other than 
alteration in the amount of available calcium must be sought for to 
explain satisfactorily abnormal bleeding in jaundiced patients. Waltman 
Walters,-* recentl3% in an excellent treatise on obstructive jaundice, 
presented evidence to the effect that calcium, given in therapeutic dosage, 
is rapidly excreted by the kidneys. It does not accumulate in the blood, 
and the normal level of the serum calcium is restored in two hours. 

Ravdin, Riegel and Morrison compared the relative merits of 
<ialcium and dextrose as hemostatic agents in the presence of jaundice, 
and agreed with Bancroft, Kugelmass and Stanle3’^-BroWn that coagu- 

22. Snell and Greene; Am. J. Physiol. 92:630 (April) 1930. 

23. Gunther and Greenberg : I. The Diffusible Calcium and the Proteins of 
■the Blood Serum in Jaundice, Arch. Int. Med. 45:983 (June) 1930. 

24. Walters, Waltman; Obstructive Jaundice; Physiological and Surgical 
spects, Rochester, Minn., Mayo Foundation, University of Minnesota, 1931. 

25. Ravdin; Riegel, and Morrison; Ann. Surg. 91:801 (June) 1930. 

26. Bancroft; Kugelmass, and Stanley-Brown: Ann. Surg. 90:161, 1929. 
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lation and bleeding times arc of little value in determining a hemor- 
rhagic tendency. They claimed that, in spite of the agitation favoring 
the use of calcium in cases of obstructive jaundice, no one has clinically 
demonstrated a deficiency of serunr calcium in these cases. Dextrose is 
used, and it was suggested that it may help in restoration and repair of 
the damaged liver. They cited Minot and Cutler's demonstration of 
the beneficial effect of the use of calcium in dogs with hepatic degenera- 
tion, in the blood of which there occurred, as a result of this disease, an 
increase in guanidine and like substances. They took issue with Partos 
and Svec .in their contention that hyperglj^cemia results from the use 
of calcium, on the ground that it does not occur consistently. Never- 
theless, the}'' found that calcium therapy was efficacious in diminishing 
the damage to the liver produced by biliary obstruction. Schreiber 
and Kehr suggested the use of dextrose preoperatively in cases of 
jaundice. Since 1920, the use of this substance has become widespread. 
Walters and Whipple advocated the use of dextrose and calcium 
and considered dextrose of primary importance as regards the reduction 
of mortality from surgical operations. Davis, Hall and Whipple 
asserted that a diet high in carbohydrate would affect regenei'ation 
of hepatic tissue at the rate of 100 Gm. daily. Ravdin et al.^® stated 
that a diet high in carbohydrate causes more rapid restoration of hepatic 
structure after release of biliary obstruction and exerts a definitely 
favorable effect while obstruction exists. They stated that clinical 
patients whose blood has a prolonged clotting time have severe hepatic 
damage. Mann, Bollman and Markowitz showed in hepatectomized 
animals that there occurs; (1) a variable change in coagulation of the 
blood; (2) a diminution of fibrinogen content, after depletion of the 
latter from hemorrhage, with partial or no restoration of the same, and 
(3) no parallelism between fibrinogen content and coagulability of the 
blood. The latter point was confirmed by work on normal and jaundiced 
dogs by Ravdin, Riegel and Morrison."® Minot and Cutler demon- 
strated in dogs an increase in guanidine content of the blood associated 
with hypoglycemia in the presence of jaundice. Ellis showed that 

27. Minot and Cutler: Proc. Soc. E.xpcr. Biol. & Med. 26:607, 1929. 

28. Partos and Svec; Arch. f. d. ges. Physiol. 218:209, 1930. 

29. Schreiber: Zentralbl. f. Chir. 2:1200, 1913. 

30. Kehr: Ergebn. d. Chir. u. Orthop. 8:-f71, 1914. 

31. Walters: Surg., Gyiiec. & Obst. 33:651, 1921. 

32. Whipple: S. Clin. North America 1:373, 1921. 

33. Davis; Hall, and Whipple: The Rapid Construction of Liver Cell Protein 
on a Strict Carbohydrate Diet Contrasted with Fasting: Ztlechanism of Protein- 
Sparing Action of Carbohydrate, Arch. Int. Aled. 23:689 (June)^ 1919. 

34. Mann; Bollman, and Jfarkowifz; Am. J. Physiol. 90:445, 1929. 

35. Ellis; Biochem. J. 22:353 and 930, 1928. 
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dextrose protects the experimental animal from toxemia due to guani- 
dine, definitely proving that it is of value in a restorative role. Partos 
and Svec proved that substances which increase the coagulability 
of the blood mobilize glycogen and produce hyperglycemia, and that 
substances prolonging the coagulation time cause hypoglycemia. Cannon 
and Gray showed that epinephrine causes increase in blood sugar and 
increase in coagulability of the blood. Rabinovich demonstrated that 
the coagulation time was diminished following anesthesia, and empha- 
sized the fact that during the first fifteen minutes of anesthesia the 
blood sugar increases. Bold3'reff,®® followed b)"^ Turcatti,^® expressed 
opinions opposite to these. Boldyreff stated that with complete loss of 
pancreatic secretion there is a rise in blood sugar with diminution in 
coagulability of the blood. Ravdin, Riegel and Morrison stated that 
hypergl)Temia does not increase the coagulability of the blood in all 
cases, but that hyperglycemia and increase in the coagulability of the 
blood are present in a great many cases. They suggested that dextrose 
has the effect of stimulating the formation of fibrinogen, but their 
experimental data do not bear out this assumption. Svec^® injected 
insulin into experimental animals, producing hypoglycemia, which was 
followed by diminution in coagulability of the blood. Partos con- 
firmed these results, and showed that diabetic animals had increased 
coagulability of the blood. He was able to produce similar effects by 
administration of epinephrine hydrochloride to one series of depancrea- 
tized dogs and morphine to another series. Walters stated that he 
considers the preoperative administration of dextrose to be of extreme 
importance in these cases. He also favors small doses of calcium 
chloride (5 grains [0.32 Gm.]), intravenously, for three days prior to 
operation. 

Heparin has been investigated in Howell’s laboratory. Howell *~ 
said that diminution of the heparin in the blood is probably the cause 
of bleeding in hemophilia, jaundice and other such pathologic conditions. 
This cannot be proved, however, until a method has been devised for 
quantitative estimation of heparin. Heparin is present in the blood in 
such small quantities that it is difficult to obtain it even qualitatively. 
Up to the present time there has been no method submitted for its 
quantitative determination. 

36. Cannon and Gray: Am. J. Physiol. 34:232, 1914. 

37. Rabinovich: Brit. J. Exper. Path. 8:343, 1927. 

38. Boldyreff: Am. J. M. Sc. 177:778, 1929. 

39. Turcatti: Compt. rend Soc. de biol. 100:116, 1929. 

40. Svec: Arch. f. d. ges. Physiol. 224:62, 1930. 

41. Partos: Arch. i. d. ges. Physiol. 224:448, 1930. 

42. Howell: Am. T. Physiol. 77:689 (Aug.) 1926. 
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Howell and Holt showed that heparin does not react with calcium 
salt, but that there is a thermolabile substance in the blood that reacts 
with the heparin to form antithrombin. This thermolabile substance 
can be destroyed by raising- the temperature of the blood to 70 C., 
wheieas heparin is not destroyed at 100 C. These authors expressed 
the belief that heparin is present in the blood under normal conditions. 
They contended that it is an acti-v^ator for pro-antithrombin, pre-venting 
the formation of thrombin in the normal circulation. By this mechan- 
ism, the fluidity of the blood is maintained in the undisturbed vascular 
system. Heparin also prevents the activation of prothrombin to throm- 
bin, according to Howell and HoltA^ Thus, by means of a double 
mechanism, this substance is responsible for the prevention of intra- 
vascular clotting. Howell expressed the belief that the presence of 
an abnormal amount of heparin may be responsible for the hemor- 
rhagic tendency of patients with hemophilia and jaundice. 

Howell,^^ in a still later publication, again claimed for heparin all 
the possibilities for which he contended in the previous article. He 
showed that it was increased in the blood by intravenous injection of 
peptone. He also found that in shed blood its action was neutralized 
by the phosphatid material furnished by the corpuscles or tissue cells. 
Howell found that the antithrombin is increased by intravenous adminis- 
tration of heparin. 

Stuber and Lang stated that heparin inhibits coagulation of the 
blood by inhibition of glycolysis. They observed that, following its 
injection, there was a decrease in coagulabilitj^ of the blood, along with 
a decrease in glycolysis. 

The tissue extracts and their place in the coagulation process ha-\'e 
been thoroughly investigated by Mills.^'’ The first attempts made at 
isolation of their thromboplastic elements were made by Wooldridge,^" 
who found that the thromboplastic action of these extracts is due to 
a phospholipin, which, he determined, was a lecithin. In Howell’s 
laboratory this was found to be cephalin (Mills). Mills demon- 
strated that it is present in all organs but to a greater extent in the 
lung. He contended that, in addition to the phospholipoid material, 
the presence of the protein component of the tissue extracts is necessar}- 
for the manifestation of the maximum potency of the thromboplastic 
agents. The intravenous injection of phospholipin and the protein com- 
ponent of the tissues produces intravascular clotting and deatli. 


43 . Howell and Holt: Am. J. Physiol. 47:328, 1919. 

44. Howell; Am. J. Physiol. 71:553 (Feb.) 1925; Bull. Johns Hopk-ins Hosp. 
42:199 (April) 1928. 

45. Stuber and Lang: Biochem. Ztschr. 212:16, 1929. 

46. Mills: J. Biol. Chem. 40:425 (Dec.) 1919. . . „ 

47 Wooldrid-^e L. C: On Chemistry of the Blood and Other Scientific Paper?, 

London, Kegan Paul, Trench, Trubner & Co.. 1893. 
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EXPERIMENTAL WORK 

In selecting animals for this experimental work, it was decided that 
dogs would be most suitable. The biliarj’- system of the dog is quite 
similar to that of man. 

The greatest difficult}'' confronting one, in producing experimental 
obstructive jaundice in dogs, is the presence of accessory bile ducts. 
Occasionally, one or more hepatic ducts empty directly into the duo- 
denum. Rarely, there is a duct from the gallbladder opening into the 
duodenum. It is necessaiy to interrupt every channel carrying bile 
from the liver in order to produce jaundice that will persist. There 
are so many branches joining the various bile ducts that the duct or 
ducts, overlooked at one operation, following which the jaundice sub- 
sides, are found at the time of the second operation to be enormously 
dilated. These enlarged channels apparently are sufficient to allow 
passage of the noxious bile to the duodenum. In the course of two or 
three days the stagnation is relieved and the jaundice disappears. 

Dogs suffering with obstructive jaundice succumb within a rela- 
tively short period of time. Therefore, few of the observations are 
made in the presence of long-standing cholemia. 

Twenty-seven animals were subjected to acute obstructive jaundice. 
The common bile duct and accessory ducts, when present, were divided 
between ligatures. On the third or fourth day each dog suffered with 
jaundice that could be recognized clinically. There was an icteric dis- 
coloration of the conjunctivae and skin. The feces became putty-colored 
or clay-colored and typically acholic, and biliuria was present. The dogs 
were perceptibly ill, and severe toxemia was evident. 

Six of the dogs died before biliary obstruction had begun to pro- 
duce a marked effect. One dog died on the operating table, as the 
result of pulmonary collapse. There was a diaphragmatic hernia on 
the right side, with the spleen, omentum and one lobe of the liver in 
the right pleural cavity. As this hernia was reduced, collapse of both 
lungs occurred. A rent was found in the mediastinal pleura, probably 
secondary to collapse of the right lung. Collapse of the left lung fol- 
lowed. Another animal died the day following operation. The cause 
of death was given as asthenia. Probably operative trauma played its 
part here, too, as the duct was located and ligated with considerable 
technical difficulty. Three dogs suffered evisceration and succumbed 
as the result of self-mutilation, followed by hemorrhage One died 
three days after operation, the cause of death undetermined. One do? 
with jaundice died on the eighth day; the cause of death was pneumonia. 

Fifteen of the twenty-one animals that lived to show the effects of 
biliary obstruction died earh*, the average length of life being 15.7 
days. Of the number (twenty-one) that survived to develop jaundice. 
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twenty-one (100 per cent) died of diffuse hepatitis, the average length 
of hfe being 31.6 days. Tlie livers in gross, both on the surface and 
on section, showed areas of destruction, which were bile-stained. The 
peritoneum and all viscera were bile-stained. 

Determinations of the fibrinogen in the blood plasma were made at 
intervals during the disease. The Wu method was used. This 
method may be used with impunity, if one attempts to' determine 
fibrinogen for comparative analysis, as was done in approaching this 
problem. The figure given by Wu for the tyrosine equivalent for the 
human being was 16.4. This was calculated on an average of only two 
determinations, 16 and 16.8, as given in the original publication. It may 
be realized that, even with the difference of 0.8 in these figures, there 
exists a considerable variation, and that the percentage of error is not 
to be overlooked. The tyrosine equivalent for dogs (17.1) was derived 
from an average of twenty-four normal determinations. There was 
considerable variation in the different figures that were determined, 
and an average of these was used. The percentage variation in the 
end-results was not greater than the percentage variation of the figures 
for the t3^rosine equivalent. Thus the figure, as stated, should hold as 
a fair multiplicand in the calculation of the fibrinogen values for use 
on a comparative basis. 

In determining the tyrosine equivalent for the dog, twenty-four 
determinations were made. The values varied from 12.5 to 19.7, and 
the range of error is rather wide for one to consider using the method 
without reservation for exact determinations of the fibrinogen content 
of plasma. It may be added that, in making the last twelve determina- 
tions, great care was exercised, and on the filtrate from each specimen 
two determinations of both nitrogen and tyrosine were made as a 
check ; it was found that the greatest A^ariation in these figures was 
negligible when the final equivalent figure was calculated. 

A table of the averages of the percentage increases in fibrinogen 
content of the plasma on successJA'^e days, Avith the number of animals 
on AAdiich determinations of this plasma component Avere made, is 
appended (table 1). The figure giA^en represents the percentage increase 
above the normal for each dog. 

An average Avas made of the fibrinogen determinations of each 
A\-eek, The percentage increase (aboA'e the average of the normal 
fibrinogen content for the tAventy-scA^en dogs) for each week was cal- 
culated (table 2). 

It is evident from the analysis of table 2 that there is a constant 
increase in the fibrinogen content of the plasma from Avqek to Aveck in 

Ts. Wu;' J. Biol. Cbem. 51:33 (March) 1922. 

49. Bliss, Sidney W.: Personal communication. 
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experimental obstructive jaundice. One must keep in mind, however, 
that relatively few determinations were made during the fourth week, 
for reasons that have been given. 

The LaMotte-Pigford colorimetric method was used for determina- 
tion of the icterus inde.x. 

The average of the determinations of the icterus index on the dogs 
before operation was 1.9 units. There was a gradual increase in the 


Table 1. — Average Percentage Increase of Fibrinogen in Plasma in Experimental 

Obstructive Jaundice 


Day Percentage Increase Number of Animals 

3d 33 3 

4th 16 S 

5th 63 13 

6th 60 4 

7th 11 4 

8th 27 10 

9 th 37 2 

10th 66 3 

11th 50 6 

12th 69 1 

13th 13 3 

17th 12 1 

18th 62 6 

19th 38 1 

20th 57 2 

22d 72 1 

24th 78 1 

25th 58 1 

29th 16 2 

31st 74 2 

32d 12 1 

33d 52 1 


Table 2. — Average Weekly Percentage Increase of Fibrinogen in Plasma in 
Experimental Obstructive Jaundice 


Week Percentage Increase Number of Animals 

1st 44 29 

2d 46 29 

3d 53 10 

4th 62 4 


average up to the eighth day. After the eighth day, there began a 
fluctuation that was not regular. The icterus index varied from 3 to 
75 units after the initial increase. During the first, second, third, 
fourth and fifth weeks, the averages of the icterus indexes were 27. 
28, 21, 17 and 35 units, respectively. Whereas the average for the 
first week was rather low, the highest figures of this determination were 
consistently noticed in the last two or three days of that week. The 
average for the fifth day was 26 units; for the sixth day. 32 units: for 
the seventh day, 52 units. There was a general decrease in the icterus 
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in the second week, but it was apparently more constant at this time 
only varying from 20 to 36 units. During the third week, the icterus 
index- approximated 20 units; during the fourth week, the average was 
1/ units, and during the fifth week, 35 units. 

The coagulation time was estimated by means of the Brodie-Russell- 
Boggs coagulometer. 

It was found that the average normal coagulation time of the twenty- 
seven dogs was 1 minute and 32 seconds. The coagulation time was 



Fig. 1. — This and the graphs in figures 2, 3, 4 and 5 show the variations in 
fibrinogen content of the blood plasma, coagulation time and icterus index in 
experimental obstructive jaundice. The solid line represents the fibrinogen content 
of the plasma in milligrams; the dotted line, the coagulation time in minutes and 
seconds, and the broken line, the icterus index in units. In this graph are repre- 
sented the daily averages of these determinations on all of the animals. 

found to be consistently increased throughout the experiment, but not 
in a regular manner. However, the averages for the first, second, 
third, fourth and fifth weeks were 2 minutes and 35 seconds, 2 minutes 
and 10 seconds, 1 minute and 54 seconds and 2 minutes and 25 seconds, 
respectively. 





Fig. 2. — Weekly averages of the determinations of fibrinogen, coagulation time 
and icterus index of all the animals. 



Fig. 3. — Record of variations in the determinations for typical animal ]. 





Fig. 4, — Record of variations in the determinations for typical animal 2. 



pj-g_ 5_ Record of variations in the determinations for the animal that survived 

the operation for the longest period. 





Fip. 0. — Daninpccl liver in cxperiniciUal obstnictive jaundice (under bigli power 
magnification), showing (fi) hyalin-like material, (_b) beginning cirrhosis and 
(c) hepatic necrosis at the peripliery. The hepatic parenchyma in this slide was 
seen to be decidedly damaged. 



Fig. 7. — Damaged liver (low power) showing (a) fibrous connective tissue, 
(b) areas of hepatic cells undergoing degeneration and (c) cells of parenchyma 
unchanged. These areas, representing the third stage, are much larger than those 
in either of the two previous stages. The fibrous connective tissue has replaced the 
hyaline material, except for a few small areas. 
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I'ATIIOI.OfiV 

As lias been slated the jirimnry cause of death of most of the ani- 
mals could he attributed only to hepatic degeneration. The livers pre- 
sented areas of destruction, wliich were apparent on the surface and 
on gross section, and u-hich u-erc hilc-stainerl. These areas varied in 
diameter from 1 miu. to 3 or 4 cm. 

Ihe microscopic sections of the livers of the animals that had suf- 
fered from the mildest degree of jaundice showed a definitely dis- 
arranged hepatic parenchyma in the lobulc.s. hut a verv small degree of 
destruction of the cells per se. 



Fig. 8. — Damaged liver (high power) showing (o) fibroblasts and (l>) Iwaline 
material. There is seen complete replacement of hepatic parenchyma, and only a 
few areas of hyaline material remain. 


A further lesion, which may be divided into three stages, was 
observed. These consisted of ; 1. Small areas of necrosis, which were 
infiltrated by leukocytes, the lymphocyte being the predominating cell ; 
polymorphonuclear leukocytes were onl}^ occasionally observed. These 
areas studded the parenchyma throughout, and because of the t 3 'pes of 
cells found were classified as subacute inflammatory processes. 2. 
Larger areas than these, including the same cellular elements but, 
in addition, a hyalin-like material, which predominated (fig. 6). 
3. Areas, even larger than those classified under 2. in winch cirrhosis 
was observed, a proliferation of fibrous connective tissue (figs. 7 and 8). 



Fig. 9. — Damaged liver (low power) showing (a) central vein of lobule, (b) 
hepatic necrosis, (c) areas of fatty degeneration and (d) normal hepatic cells at 
periphery of lobule. In this photomicrograph arc represented areas of central 
necrosis in the lobule. The cells at the periphery are unaffected. This shows the 
changes that took place in the livers of most of the animals. 



Fig. 10. — Areas of fatty degeneration (a) under high power magnification. 
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Central necrosis of the hbiiJes was present in the greatest number 
of the animals. This lesion consisted of fatt}' degeneration (figs. 9 
and 10). It was more pronounced in the central part of the lobule for 
two reasons: first, because the cells in the center of the lobule were 
the more constantly bathed by the bile, and second, because their blood 
supply was directly affected owing to injury to the hepatic vessels. The 
cells at the periphery were unchanged owing to the unimpaired blood 
supply, the result of an intact porta! system and because the bile could 
be transported more readil}'’ from this area for the same reason. 

COMMENT 

It is evident from the results obtained that no parallelism exists 
between the fibrinogen content of the blood and the degree of icterus. 
However, the fibrinogen content of the plasma was high in the first 
week following obstruction of the extrahepatic bile ducts. The icterus 
index and coagulation time were also increased during the first week. 
The fibrinogen content continued to increase during the second and 
third weeks, whereas the icterus index and coagulation time either 
decreased or remained stationar3^ The results obtained during the 
fourth and fifth weeks are not dependable, because of the fact that 
comparati'\'’ely few determinations were made during this stage of the 
condition. 

The increase in the fibrinogen content and the coagulation time 
during the first week might be considered as the result of the operation, 
but it is evident that the greatest percentage increase above normal 
occurred on the fifth day. It seems reasonable that after the first day 
or so the effect of the operation can be dismissed as a factor in causing 
this increase. Hueck observed that the fibrinogen content of the 
plasma w'as increased after operation. 

The i-esults of this experiment have shown that bile is an irritant 
to the liver and in obstructive jaundice is a stimulus to the formation 
of more fibrinogen by the liver as is acute inflammation, thus corroborat- 
ing the results of Wiener and Wiener. It is agreed that this is 
probably also due to the increase in the permeability of the hepatic 
endothelium. 

It is found that the fibrinogen content of the blood increased con- 
siderably just before death, which might be attributed to concentration 
of the plasma by dehydration. 

The fluctuation of the coagulation time is found to coincide with 
that of the degree of icterus. This was observed in a great majority 
of the individual animals (figs. 1 and 2). The increase in the 
icterus indexes is self-explanatory. Following the obstruction in the 

SO. Hueck; Arch. f. klin. Chir. 136:627 (Aug.) 1925. 
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l)iliary system the normal exit for the bile was blocked. One is justified 
in assuming that the reason the icterus decreased after the first week 
was that a diminution in the amount of bile produced by the liver had 
occurred, owing to destruction of liver cells. 

SUMMARY AND COXCUUSIOXS 

.An attempt has been made to determine whether or not some rela- 
tionship e.xists between the fibrinogen content of the plasma, the degree 
of icterus and the coagulation time of the blood in obstructive jaundice. 
If some definite relationship e.xists among these factors, it is reason- 
able to suppose that it would be enlightening as to the cause of hemor- 
rhage in the presenee of jaundice. 

It must be stated that as yet there is no adequate proof that any 
one factor is responsible for this hemorrhage. 

Deficiency of calcium in the serum should not be considered as a 
causative factor in the production of hemorrhage in obstructive jaundice. 
The results of investigations reported in the literature indicate that a 
deficiency of calcium is not constant in jaundice, nor is it directl}’^ impli- 
cated in prolonging the coagulation time. 

The contention favoring heparin as a cause for this bleeding is not 
substantiated by clinical or experimental proof. Little is known of the 
presence of heparin in the blood, and one can only theorize as to 
what factors influence the fluctuation of the quantity of heparin present 
in the circulating blood. The present investigation demonstrates that 
bile causes destruction of hepatic parenchyma, and the possibility that 
heparin is increased in the blood in obstructive jaundice is admitted. 

It is concluded from this experimental work that the fibrinogen 
content of the plasma is not decreased in experimental obstructive 
jaundice. Therefore, hemorrhage in the presence of jaundice is not 
due to a deficiency of this component of the plasma. 

The fibrinogen content of the plasma is increased in acute obstruc- 
tive jaundice, probably owing to the irritative effect of the bile on the 
liver. 

The coagulation time remained above normal limits in practically all 
of the determinations, but it did not parallel the fibrinogen content of 
the plasma. Corroborating the opinion of Ravdin, Riegel and Morri- 
son and Bancroft, Kugelmass and Stanley-Brown,'® it is concluded 
that the coagulation time is not a satisfactor}^ index of a hemorrhagic 
tendency in the presence of jaundice. 

The contention of Peters and Van Sl3"ke ® that a decrease in fibrinogen 
content of the plasma does not parallel the degree of destruction of the 
liver is corroborated. It was found that generallv an increase in fibrinogen 
content parallels the extent of damage to the liver. 
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Mesenteric vascular occlusion still remains one of the most difficult 
surgical problems. The difficulty in arriving at an early diagnosis 
undoubtedl}^ accounts for the high mortality, quoted by various writers 
as being about 70 per cent. The delay in diagnosis is often unavoidable 
owing to a lack of definite symptoms, even though the damage to the 
intestinal tract is severe. The same difficulty is experienced in the early 
clinical diagnosis of simple intestinal obstruction. The effects on the 
physiology of the bo-wel of early mesenteric thrombosis or embolism may 
be compared in some respects with those of simple intestinal obstruction, 
as well as those of the strangulation type. These conditions result in 
stasis of the intestinal contents, decrease in the absorption of gas and fluid 
by the intestinal wall, excretion of fluid into the lumen of the bowel 
proximal to the affected segment and intestinal hemorrhage and infarc- 
tion of the involved segment. Although it is an established fact that 
the roentgen findings of gas and fluid levels in the small intestine have 
greatly enhanced the diagnosis of simple intestinal obstruction,^ atten- 
tion has not been directed to the fact that a similar i-oentgen picture is 
produced in mesenteric vascular occlusion. 

The object of this paper is to report roentgen studies of experimental 
occlusion of the mesenteric vessels. The lesions produced in the experi- 
mental animals were made to resemble as closely as possible those found 
in patients. 

PATHOLOGY 

In the thirty-six cases reported by Larson,- 39 per cent of the 
vascular occlusions were found to be arterial at autopsy, 44 per cent 
venous and 17 per cent a combination of the two. 

From the Departments of Surgery and Roentgenology, Presbyterian Hospital, 
College of Physicians and Surgeons, Columbia University. 

1. Swenson, P. C, and Hibbard, J. S.: Roentgenographic Manifestations of 
Intestinal Obstruction, Arch. Surg. 25:578 (Sept.) 1932. 

2. Larson, L. jM. : iMesenter/c Vascular Occlusioi?, Surg., Gyncc. & Obst 53: 

54 (July) 1931. 
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Klein " said that the two types of occlusion arc about equally divided. 
Me exiMTssed the belief tliat arterial occlusion may l)e caused by either 
thrombosis or em!)olism. The etiology of the arterial emboli, which, he 
stated, inelude .about 2 ])er cent of c.ases. must arise in the left side of the 
heart either from vegetations on the valves or from thrombi in the 
auricles, as was found in live cases in l^arson’s series. The arterial 
thromboses are generally associated with arteriosclerosis, although at 
times they m.ay he due to ju'essure of an aortic aneurysm on the artery 
or to extension of a clot from an aneurysm into the mouth of the 
artery. 

Klein further stated that occlusion of the vein is practically always 
caused by thrombosis, although some cases are reported in which the 
etiologv is unknown, and others in which onlv a remote focus of infection 
exists as a ]30ssiblc cause. The most common cause of venous occlusion 
is a thrombophlebitis resulting from either acute appendicitis or a pelvic 
inflammatory condition. 

The first effect on the involved segment of intestine of a sudden 
closure of the superior mesenteric artery, according to most observers, 
is violent tetanic contractions associated with marked anemia. This 
condition lasts from two to three hours and is followed by a relaxation 
and congestion and finally by hemorrhagic infarction. The observations 
to be reported do not exactly agree with this view. The sequence of 
events in our experiments was different. 

The preliminai'}' contractions were noticed, but numerous subserous 
hemorrhages varying from 0.25 to 1.5 cm. in diameter resulted within 
fifteen minutes, and a generalized mild congestion, dilatation and an 
absence of peristalsis occurred within thirty minutes. This condition 
was not changed to a great extent at the time the animals were killed, 
four and six hours later. These phenomena apparently account for the 
earl}" presence of gas and fluid levels seen in the involved segments on 
the roentgen film. 

Klein stated that all experimenters agree that ligation of the superior 
mesenteric vein leads constantly to hemorrhagic infarction. He pointed 
out that in patients the result may be ditferent because it is known that 
thrombophlebitis generally causes a gradual occlusion. Ner'ertheless, 
numerous cases are reported by Larson and others in which an infarcted, 
congested and soggy segment with dilatation of the proximal intestine 
was found at operation. These cases would indicate that, although more 
time is consumed in the process of occlusion, the ultimate outcome is 
similar to the experimental venous ligations. In the animals of this 
series, in which the veins to a segment of intestine were ligated, a marked 

3. Klein, S. : Embolism and Thrombosis of ilesenteric Artery, Surg., Gynec. 
& Obst. 33:385 (Oct.) 1921. 
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engorgement and a mild contraction immediately occurred, but no 
relaxation or dilatation followed during the time the abdomen was 
open. Further, no gas shadows or fluid levels were observed in the 
involved segment on the roentgei; film up to the time the animals were 
killed, six hours later. 

Ligation of both the arteries and the veins of a segment of gut pro- 
duced the same objective signs that were noted following arterial occlu- 
sion, except for the fact that a more marked and rapid congestion and 
discoloration occurred. 

Experimental studies and clinical obsein-ations indicate that mesen- 
teric arterial or venous occlusion, severe enough to cause infarction in a 
segment of intestine, will later cause dilatation of the proximal intestine 
and result in abdominal distention. These dilated loops of bowel with 
their fluid levels distributed diffusely over the abdomen wilt show on the 
roentgen film. 

EXPERIMENTAL DATA 

Three groups of dogs were studied in this series of experiments 
(table). All of the animals were operated on under ether narcosis and 
with strictl}'- sterile technic. As soon as gas shadows and fluid levels 
could be demonstrated on the roentgen films, the abdomen was again 
opened under ether anesthesia, and the condition of the intestine was 
observed. 

In group A, dog 1, the superior mesenteric artery was ligated just 
distal to the origin of the inferior pancreaticoduodenal artery. In 
dog 2, the trunk of the superior mesenteric artery was approached 
through a retroperitoneal route and ligated about 5 cm. distal to its 
junction with the aorta. Roentgen films of these two animals disclosed 
gas shadows, and fluid levels were found on the roentgen film early and 
simultaneously, i. e., at one and one-half and four hours, respectively. 
At postmortem examination there were numerous areas of discoloration 
and a mild dilatation. 

Four procedures were done in group B. In dog 1 , the portal vein was 
ligated 6 cm. from its entrance into the liver. In dog 2, the tributaries 
of the superior mesenteric vein from the jejunum, ileum and cecum were 
ligated. In dog 3, one half of the jejunum and all of the ileum, and 
in dog 4, about 12 cm. of the lower ileum were included in the occlusion. 

In dogs 1, 2 and 3 of this group no roentgen findings were elicited. 
When the abdomens were opened six and eight hours later, the entire 
small intestine and its mesenter}’- were found to be mildly edematous and 
bluish purple, and the lumen of the intestine was filled with blood. The 
intestine was not dilated. The negative roentgen findings were probably 
caused by the fact that the extensive hemorrhage into the lumen of the 
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bowel (lisiilaced the ijas. Dni^ 4 showed no eftects from llic ligation, 
since the collateral circulation through the longitudinal branches of the 
anastomosis aiijiarently was ade(|uate. The animal recovered. 

Since the negative results in the first two dogs of the foregoing group 
were probably due to the filling of the inte.stinal lumen by blood, two more 
animals were studied in group IT Our object was to produce a definite 


Results of Rxfcrhuculs 


I'xporl- 


I’repcnec 


Condition 

incntnl 

Propeuco 

of riutd 

Vcppels 

of Involved 

Anlinnl 

ot Gup 

I.cvolp 

Occluded 

Segment 

Group A 

1 

4 hours 

•1 hours 

Superior mesenteric 
artery to Ileum and 
jejunum 

Sllglitly dilated; many 
subscrous hemorrhages; 
gross color: sllghtli’ 
darkened 

O 

hours 

liou''p 

.Superior mcpcnteric 
artery to Ileum and 
jejunum 

Jloderatcly dilated; 
many subscrous hemor- 
rhages; gross color: 
slightly darkened 

Group B 

1 

SVj liours 
dlsnppciircd 
at 5g, hours 

None 

Portal vein 

Engorged and soggy; 
bluish red 

2 

1 hour 
disappeared 
at 3 hours 

None 

Superior mesenteric 
vein involving jeju- 
num, ileum and prox- 
imal colon 

Engorged and soggy; 
bluish red 

3 

Xone 

None 

Superior mesenteric 
vein involving half of 
jejunum and ileum 

Engorged and soggy; 
contracted; appendix 
contained gas and 
fluid; bluish black 

4 

None 

None 

Superior mesenteric 
vein involving half 
of ileum 

Animal recovered 

5 

3 hours 

a hours 

Superior mesenteric 
vein involving 10 cm. 
of ileum 

Severe hemorrhage; 
engorged, edematous 
and contracted in areas 

G 

3 hours 

5 hours 

Superior mesenteric 
vein involving 10 cm. 
of ileum 

Severe hemorrhage; 
engorged, edematous 
and contracted in areas; 
proximal bowel dilated 
and contained gas and 
fluid 

Group G 

1 

2 hours 

0 hours 

Superior mesenteric 
artery and vein to 

40 cm. ot ileum 

4 cm. of ileum engorged 
and soggy; bluish 
black; proximal gut 
slightly dilated 

2 

2 hours 

j hours 

Superior mesenteric 
artery and vein to 

12 cm. of ileum 

4 era. of ileum engorged 
and soggy; bluish 
black; proximal gut 
slightly dilated 

3 

2 hours 

■1 hours 

Superior mesenteric 
artery and vein to 

12 cm. of ileum 

4 cm. of ileum engorged 
and soggy; bluish 
black; proximal gut 
slightly dilated: at 20 
hours perforation had 
occurred; all other cases 
autopsies at C hours 
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venous occlusion in a relatively shoii: segment of bowel in the lower 
ileum. This was accomplished by ligating the mesenteric veins from 
10 or 12 cm. of lower ileum and by placing a suture through the mesen- 
teric border of the intestine down through the submucosa, thus obliter- 
ating the longitudinal anastomosing branches. This procedure was quite 
successful in producing a venous occlusion in a small segment of gut. 
At postmortem examination, the involved segment and its mesentery 



Fig. 1. — Film of the abdomen of a dog jn the erect position, in which the 
superior mesenteric artery has been blocked as described in the text. Note the 
gas shadows and fluid levels, which appeared simultaneously at four hours. 

were found to be markedly edematous, hemorrhagic and slightly con- 
tracted, and the lumen of the segment and the distal bowel were filled 
with blood. The proximal intestine was inoderatel}' dilated, and gas 
shadows and fluid levels were found on the roentgen him in three hours 
and five hours, respectively (fig. 2). 

In group C, both the veins and the arteries were occluded in three 
animals. In dog 1, the mesenteric arteries and veins were ligated to a 
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Fig. 2. — Filins of the abdomen of a dog in which the tributaries of the superior 
mesenteric vein, including 12 cm. of the ileum, have been occluded. Note the gas 
shadows and fluid levels at two and five hours. 



Fig. 3. — Films of the abdomen of a dog in which the superior mesenteric arterial 
branches and venous tributaries have been occluded through 12 cm. of the ileum. 
Note the gas shadows at two hours and the fluid levels at four and a half hours. 
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segment of lower ileum about 40 cm. in length, and in dogs 2 and 3, 
the occlusions involved about 12 cm. of the lower ileum. The roentgen 
films disclosed gas shadou's in two hours and fiuid levels in from four 
to six hours in all animals (fig. 3). 

COMMENT 

This experimental study indicates that it is possible very early to 
elicit roentgen signs of intestinal obstruction following mesenteric 
vascular occlusion. 

These signs are indistinguishable from those found in mechanical 
obstruction. Thus, the differential diagnosis from simple mechanical 
obstruction cannot be made, of course, on the roentgen findings alone, 
but involves a careful consideration of the accompanying clinical evi- 
dence, particular!}'’ as to the existence of possible causes of either condi- 
tion. On the other hand, the important fact remains that the roentgen 
evidence of intestinal obstruction appears before abdominal distention 
can be detected and before damage to the involved segment has become 
too severe. Except in the cases of extensive venous block in which 
the damage pei'haps is too great in any event for surgical relief, the 
roentgen examination may be a definite aid in reaching a decision to 
operate. 

SUMMARY 

Roentgen examination after experimental occlusion of the mesenteric 
ai'teries and veins disclosed gas and fluid levels in dilated loops of small 
intestine in from two to six hours, which are indistinguishable from 
those following mechanical intestinal obstruction. However, this evi- 
dence should be of aid in early diagnosis and in making an early 
decision to intervene surgically. 
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The assurance of the circulation of pedunculated skin flaps ^ is of 
vast importance in plastic surgery. Often it is possible to form a single 
pedicled flap and to shift it into its new bed immediately. When this 
is done one must remember that roughly the length of the flap should 
not be more than two and a half times the width of the pedicle, unless 
the flap contains an artery, such as the anterior temporal, in which 
case it may be as long as the artery will nourish and the pedicle may 
be very narrow, consisting in fact, if necessary, of only the artery 
and accompanying veins. Frequentlj' much longer flaps are needed 
than those that can be conveniently made two and a half times the 
length of the pedicle, and these must often be obtained from an area 
in which no definite artery is available. 

Flaps that are much more than two and a half times as long as the 
width of the pedicle may be developed by the delayed transfer method. 
By delayed transfer we mean that in order to assure its circulation a 
period of time is allowed to elapse between the raising of the flap and 
its transference to its its new bed. The best type of flap for the 
delayed transfer is the doubled pedicled flap, and a very satisfactory 
double pedicled type is that known as the tubed flap, which was 
developed during the world war by Gillies of London. 

The main advantage of the tubed flap, besides its flexibility, is that 
it is a doubled pedicled flap the circulation of which is assured by the 
delay in transfer. 

From the Hunterian Laboratory of Experimental Surgery, Johns Hopkins 
University, and Department of Surgery, Yale University School of Medicine. 

1. A skin flap is made up of the whole thickness of the skin with as much 
of the subcutaneous tissue as is required. It is usually attached at some portion 
of its peripherj' by a pedicle, or pedicles, through which it receives its primary 
blood supply. A skin graft, on the other hand, is a free transplant whose blood 
supply is entirel}' derived from the tissue on which it is transplanted. 
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I he question often arises as to the safest time to sever the pedicles 
of delayed transfer flaps. In otlier words, when will the circulation 
of such flaps be sufflcientl}' developed to allow the division of the first 
pedicle, so that the circulation from the other will be adequate to nour- 
ish the flap without loss of tissue. 

It is advised by different authors that from several weeks to as 
many months should be allowed to elapse before dividing one pedicle 
and making the transfer, but we have felt that in the majority of 
instances this long dela)q while never disadvantageous as far as circu- 
lation is concerned, is actually unnecessary. We have allowed some of 
these flaps to stay as formed for as long as a year and half before 
dividing one pedicle and then transferring to its new bed. For the 
purpose of finding out how soon the circulation of a tubed flap adjusted 
itself and consequent]}’' how soon it was safe to divide the pcdick and 
transfer the flap, we undertook the following series of experiments 
in the hope that sufficient information might be obtained to be clinically 
useful. 

EXPERIMENTAL STUDY 

The development of an adequate blood supply in tubed skin flaps is 
of paramount importance in the utilization of this type of flap. Before 
the flap can be implanted in a new location, its blood supply from a 
single pedicle must be sufficient to nourish the entire flap. This necessi- 
tates not only an increase in the size or number of the blood vessels, 
but also a rearrangement of the vessels, corresponding to the long axis 
of the flap. The present study was undertaken in an attempt to follow, 
in chronological order, these changes occurring in the vascular bed. 

Investigators, in the past, have concerned themselves chiefly with 
the development of the blood supply of free skin grafts. The develop- 
ment of the blood supply of whole thickness skin grafts has been 
worked out and the literature reviewed by Davis and Traut.- The 
effect of A’ariations of orientation of skin grafts, in relation to the axis 
of their original blood supply has been studied by Paterno.® Square 
full thickness grafts were cut and replaced in their original bed. The 
control grafts were replaced without changing the orientation of their 
margins and showed 100 per cent survival with reestablishment of cir- 
culation after the second day. Grafts rotated 180 degrees with respect 
to their original orientation survived completely in 80 per cent and 
partially in 20 per cent of the cases, with reestablishment of circulation 

Z DaviT, J. S., and Traut, H. F. ; Origin and Development of Blood Supply 
f Whole Thickness Skin Grafts, Ann. Sure. 82:871, 1925. 

3 Paterno, A. : Influenza della variazione di orientamento del lembo sullo 
t+prrhimento e sul ripristino dell circulo sanguino nei trapianti Hbri autoplastic: di 
cute interna. Ann. ital. di chir. 4:923, 1925. 
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rclardcd until after the fourth day. Grafts rotated 90 degrees from their 
original jxisition survived completely in 66 ])er cent of the cases, par- 
tially in 20 i)er cent and failed to survive in 14 per cent. Their circula- 
tion was retarded until after the fourth day. These results suggest that 
the estnhlishmcnt of circulation in skin grafts is partially dependent on 
the orientation of the ves.sels of the graft in relation to those of the 
surrounding structures. 

METHODS 

In Uie altcmpl to study the establishment ol a new circulation in tubed flaps, 
three methods were followed. The first was the determination of the size, number 
and arrangement of the Iilood vessels in cleared specimens, removed at intervals of 
from one to fourteen days following the construction of the tubed flaps. The 
second method was similar to the first except that an opaque material was injected 
into the flaps and the studies carried out on roentgenograms of the flaps. The 
third was a histologic study of the flaps of various ages. 

Dogs were used throughout the experiments. The skin of the abdomen was 
shaved and prepared with iodine and alcohol. With the dogs under ether anes- 
thesia, two double pcdiclcd tubed flaps were outlined, one on either side of the 
abdominal wall with the long axis of the flap parallel to the long axis of the 
abdomen. The flaps were 8 to 10 cm. in length and 3 to 3.5 cm. in width, tvith 
their bases slightly flared, and were undercut in a manner to include a thin layer 
of subcutaneous tissue. The edges of the flaps were appro.ximated with inter- 
rupted silk sutures, transforming the flaps into tubes with the epithelial surface out- 
side, attached to the abdominal wall at each end in the form of a “valise handle.” 
The skin defect beneath the tubed flap was closed by approximating the opposing 
skin edges with interrupted silk sutures. Sterile dressings were applied and kept 
in place for seven days. Usually, healing took place by first intention. 

In the first series of experiments, the tubed flaps were separated from the 
abdominal wall at one end and the animal was given an intravenous injection of 
from 5 to 10 cc. of 1 per cent solution of toluidine blue, this quantity being suffi- 
cient to impart a definite blue color to the skin and mucous membranes. When the 
blue dye was seen coming from the cut end of the flap, the remaining attachment 
of the flap to the abdominal wall was cut and the specimen was fixed and cleared, 
the method * of Spalteholz ^ being used. The cleared flaps were then opened along 
the suture line, spread out flat and mounted in methyl salicylate. 

In the second series, the animals were killed, the tubed flaps were separated 
from the abdominal wall at one end and the injection was made though the aorta. 
A suspension of barium in gelatin was used as the injection medium. ^ The injec- 
tion was continued until the barium mixture appeared at the cut end of the flaps. 
The other pedicle of the flap was then divided, and roentgenograms were taken 
without opening the flaps. 

4. Fix in formaldehyde ; bleach with hydrogen dioxide ; wash in water twentj-- 
four hours ; dehydrate by passing through alcohols from 50 per cent to absolute ; 
place in benzene (two changes) ; mount in methjd salicylate, U. S. P., 5 parts 
and benzyl benzoate 3 parts. 

5. Spalteholz, W. : Ueber das Durchsichtigmachen von menscblicben und tier- 
schen Praparaten, ed. 2, Leipzig, S. Hirzel. 1914. 

6. Barium sulphate 1,000 Gm., powdered gelatin 300 Gm., distilled water 
1,700 cc. 
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III bodi (he first mic! second series of cxpcrimciUs, (iie entrance of the injection 
material into the flap was tlirongli a single pedicle, the tipper pedicle being divided 
on one side and the lower pedicle on the other. This method was selected because 
the clinical utilization of pedunculated flaps necessitates the development of an 
adequate blood supply from a single pedicle before the flap can be implanted in a 
new location. The vessels demonstrated bj' the injection methods therefore repre- 
sent the circulation which maj' be supplied by a single pedicle. 

The third scries of c.xperimcnts made use of the flaps of the first series into 
which toluidine blue was injected. Sections were taken through the central portion 
of the flaps and stained witli hematoxylin and eosin. 



Ficr. 1. — Typical opened, cleared specimen into whicli toluidine blue was 
and the flap removed immediately after its construction. Note the blood filled 
vessels crossing the flap at right angles to its long axis. Only the vesse s ™r^di- 
ately adjacent to the pedicle showed evidence of containing tolu'dine blue. Note 
that there were no vessels running parallel to the long axis o e ap. 


RESULTS 

With these three methods of study, the results may be summarized 

as follows; . , 

Tubed flaps, removed immediately after their preparation S'™ 

, , a filled vessels crossing the flaps at right angles to their long axis. 
tllfvesseL immediarely adiaeent to the pedicle showed evidence 
toluidine blue within their lumen. There were no vessels running 
parallel to the long axis of the flaps. 
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removed at llic end of one day showed a few vessels, filled 
with the injection mediums running almost the entire length of the flap. 
These vessels were more numerous at the region of the base of the 
flai>, but there was a definite tendency for the long axis of the vessels 
to he parallel to the long axis of the flap. 

At the end of four days, vessels containing the injection medium 
and running parallel to the long axis of the flap, were more marked. 

Specimens removed on the seventh day showed what appeared to 
be a well developed blood supply, with vessels running from one end 
of the flap to the other. 



Fig. 2. — Photomicrograph of a section taken through the center of a flap 
removed immediately after its construction. There are a moderate number of small 
and medium-sized blood vessels. There is marked hemorrhage in the center of 
the tubed flap with slight extravasation of blood into the subcutaneous tissue. 

From the seventh to the fourteenth day there appeared to be little 
change in the number, character or size of the vessels. 

The microscopic study of sections taken through the central por- 
tion of flaps of different ages maj^ be summarized as follows : 

On the day of operation there were a moderate number of small 
and medium-sized blood vessels and marked hemorrhage in the center 
of the tubed flap with slight extravasation of blood into the sub- 
cutaneous tissue. 
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On the fiist day a moderate mimber of small and medium-sized 
blood vessels were seen with diffuse extravasation of blood throughout 
tlie subcutaneous tissue and slight poljunorphonuclear leukocytic infil- 
tration. 

On the fourth day there were small and medium-sized blood ves- 
sels, apparently more in number than on the first day, marked poly- 
morphonuclear leukocj'tic infiltration in the cutis vera. 

On the seventh day there were Jnany small, medium and large blood 
vessels in the subcutaneous tissue and in the deeper portion of the cutis 



Fig. 3. — A, typical opened, cleared specimen into which toluidine blue was 
injected and the flap removed after twenty-four hours. B, roentgenogram of a 
flap into which an opaque mixture was injected and the flap removed after twenty- 
four hours. A few vessels filled with injection material can be seen running almost 
the entire length of the flap. These vessels are more numerous at the region of 
the base, but there is already a definite tendency for the long axis of the vessels 
to be parallel to the long axis of the flap. 

vera, and early granulation tissue in the cutis vera, containing many 
capillaries. 

On the eleventh da)^ many small, medium and large blood vessels 
were seen in the subcutaneous tissue and in the cutis vera; there was 
well developed granulation tissue in the cutis vera. 
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SUMMAUV or EXI’KIUMKXTS 

Injection eN])cnments of tubed double pcdiclcd skin flaps indicate 
tbc establisbinent of an adequate blood supply from a single pedicle 
within seven days, llistologic studies of these specimens support this 
conclusion. 

Tbc development of an adequate blood supply appears to be depen- 
dent on three factors; (1) an increase in the size of the vessels; (2) 
an increase in the number of functioning vessels, and (3) a reorienta- 
tion of the main vascular channels corresponding to the long axis of 
the flap. 



Fig. 4. — Types of roentgenograms of flaps into which an opaque mixture was 
injected and the flaps removed at the end of four days. The vessels containing the 
injection medium and running parallel to the long axis of the flap are more marked 
than in the one day specimens as shown in figure 3. 

CLINICAL APPLICATION 

In order to understand the clinical problem with which we are deal- 
ing, it may be advantageous to review the anatomy of the blood supply 
of the human skin. 

The anatomy of the cutaneous blood vessels in man has been care- 
fully described and illustrated b}- Spalteholz." There is a marked 

7, Spalteholz, W. : Die Verteilung der Blutgef.asse in der Haut, Arch. f. 
Anat. u. Entwcklngsgesch., 1893, pp. 1-54, 
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c^ on of the body. J he number is greater to those portions of the 
Jun nlnch are subjected to external pressure, such as the palms of the 
hands, soles of the feet and the gluteal region. 

_ All branches of the arteries supphdng the skin anastomose freely 
with each other and with neighboring vessels and form a cutaneous 
arterial network situated in the deepest layer of the cutis. The mesh 
of this network is smaller in the more vascular regions. From this, 
arched and branching vessels proceed outward, and anastomosing, forin 



Fig. 5. — A, cleared specimen into which toluidine blue was injected and the . 
flap removed at the end of seven days. Compare this with the vessels shown in 
figures 1 and 3 A and note the vessels running the full length of the flap. B and 
C, roentgenograms of flaps into which an opaque mixture was injected and removal 
done at the end of seven days. These specimens show a well developed blood 
supply with numerous vessels running from one end of the flap to the other. Com- 
pare these with figures 3 and 4 and note the marked change in the size and number 
of the vessels and in the reorientation which has occurred. 


a second subpapillary arterial network near the junction of the middle 
and outer thirds of the cutis. 

Numerous small branches arise from the subpapillary network and 
run as terminal arterioles to the superficial layers of the skin. Most 
of these turn and course for a short distance parallel to the surface of 
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the skin, following, in the palm of the hand and the sole of the foot, 
the direction of the papillary ridges beneath which they run. They 
send their twigs to the arterial limhs of the capillary loops, lying in 
the papillae. 

The venous blood, returning from the capillary loops in the papillae, 
jvasses through several networks. The first lies immediately beneath 
the bases of the papillae and receives blood from the venons limbs of 
the capillary loops and from minute collecting veimles formed by the 
union of several such capillaries. Almost immediately beneath this is 
a second venous network, the two intercommunicating freely by short 



Fig. 6. — Photomicrograph of a section taken through the center of a flap 
removed at the end of seven days. There are many small, medium and large blood 
vessels in the subcutaneous tissue and in the deeper portion of the cutis vera. 
There is also early granulation tissue in the cutis vera containing many capillaries. 
A comparison of this section with that in figure 2 is interesting as it shows the 
marked increase of blood vessels both in size and number which have developed in 
seven days. 

venules ; these two networks are often termed the subpapillar}' venous 
plexus. The blood flows deeper by numerous tributaries to a third 
and fourth venous network, the former lying immediately deep to the 
subpapillary arterial plexus, the latter at the level of the cutaneous 
plexus of arteries, where cutis and subcutis join. 

The general arrangement of the vessels is illustrated in the diagram 
(fig. 9), modified from that originally published by Spalteholz. 
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ihoinas Lcwis/^ in In’s inonoijraph on the Wood vessels of the 
Innnnn slcin, nliJizcd a somcwliat Jess involved terminology in distin- 
gttisJiing (Jic various vessels, classifying them as strong arterioles 
minute vessels and deep veins. ’ 

Ihe classification used hy Lewis is much simpler than that pre- 
pared by SpaJtehok. If detail is desired in descriptions the classifica- 
tion of Spaltcholz is to be preferred, but for ordinary use that of Lewis 
is sufficient. 

The results of the exjierimcntal work have been so significant, that 
although we hai'c not had the opportimity of making injections into 



Fig, 7. — Photomicrograph of a section taken through the center of a flap 
removed at the end of eleven days. There are many small, medium and large 
blood vessels in the subcutaneous tissue and in the cutis vera. There is also well 
developed granulation tissue in the cutis vera. There is not much difference in the 
development of the blood vessels shown in this section and that shown in the 
seven day specimen in figure 6. 

flaps on human beings, we feel justified in surmising from clinical 
observations along the same line that much the same process takes 
place as in the animal experiments, and that in a tubed flap the normal 
vessels of the human skin also increase in size and number and that the 

Lewis", T. ; The Blood Vessels of the Human Skin and Their Responses, 
London, Shaiv & Sons. 1927. 
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main vascular ciianncls arc rcnricnlcd lo correspond to the Jong axis 
of tlic Hap. 

The information obtained from the animal experiments seemed 
worthy of a careful clinical tryout. 'J'liis was checked at first on 
jxuicnts as follows. Tuijcd flaps wliicli had been prepared for trans- 
plantation to definite defects were used. We started with the division 
of the pedicle on the fourteenth day and gradually reduced the time 
until now in suitable cases we sometimes divide the pedicle on the tenth 
day. However, we usually prefer to divide the selected pedicle 
piecemeal, that is, a third or half war- through on the tenth and the 



Fig. 8. — Typical roentgenogram of a flap into which an opaque mixture was 
injected and the flap removed at the end of fourteen days. There is little change 
to be noted in the vessels on comparison of the fourteen and the seven day speci- 
mens, either in number, character or size. 

remainder on the eleventh or twelfth da3's, depending on whether the 
separation is done in halves or thirds, and have adopted this as a 
routine procedure in dealing tvith ordinary tubed flaps. Frequently 
there is definite arterial bleeding from the end of the tube when the 
pedicle is divided. This usualty comes from near the central portion 
of the flap, but sometimes is well to one side or the other. 

From the experimental data we might be justified in starting this 
division as early as the seventh or eighth day, but as yet we have not 



o8 


ARCH}]’ ns on surgery 


clianccd tlic loss of a portion of the flap by trying- this out clinically 
and think U safer not to begin (he division of the first pedicle until 
the tenth day (fig. 10). 

If (here is doubt in the mind of the operator as to the vitality of 
the tube in any particular case, it is, of course^, advisable to delay the 
di\-ision for full two weeks, or as jnuch longer as conditions require. 
From the standpoint of the comfort of the patient, there is usually no 
particular hurry in dividing the first pedicle. On the other hand, when 
to divide the base pedicle, Avhen the flap comes from a distant part, 
say from the arm to the face, is a much more important matter to the 
patient, on account of the enforced irksomeness of the position. We 



Fig. 9. — Diagram showing the arrangement of the human cutaneous blood ves- 
sels, Spalteholz’ classification being used (Lewis). A and B indicate the subpapil- 
lary venous plexus (A, the first venous plexus and terminal arterioles and B, the 
second venous plexus) ; C, the svbpapillary arteriolar plexus; D, the third venous 
plexus; E, the epidermis; F, the cutis; <?, the arched arterioles; H, the fourth 
venous plexus; 1, the sweat gland layer; J, the cutaneous arterial plexus. 

have found that when the tube has been opened out for one-third its 
length or more and has been sutured in close contact with its new 
bed, that, all other conditions being favorable, we can begin to divide 
the pedicle as early as the eighth or ninth day and have the arm down 
on the tenth or eleventh day rather than wait two weeks as we had 
previously done. In these cases there is often profuse bleeding from 
both ends of the divided pedicle showing a good circulation originating 
in this period of time from the new base, as well as from the original 

source of blood supply. 
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Fig. 10.— The early division of pedicles and transference of a tubed flap from 
the arm to cheek. A, a tubed flap 13 cm. long formed on the inner side of the 
arm. This flap was planned in width, length and position to fill a defect to be 
made by the excision of a contracted scar of the cheek and lip. Note the complete 
formation of the tube, the type of pedicles and that the skin has been sutured 
beneath the tube. The lower pedicle was divided in stages beginning on the tenth 
day, and the division was completed on the eleventh day at which time the flap 
was opened for about half its length and was transferred and sutured, after raising 
the arm, into the defect on the cheek made by the excision of the contracted scar 
tissue and for which it had been prepared. B and C, the base pedicle on the arm 
was gradually divided beginning on the ninth da}'. Note the partial division in B. 
The division was completed on the tenth day. There was free bleeding from the 
stump attached to the cheek. This stump was opened and utilized. No portion of 
the flap was lost by the early division of either pedicle. D, the final result of the 
transfer of the tubed flap. Note the smooth normal looking skin which fits into 
its new environment quite naturally. 
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SUMMARY 

The clinical application of the information obtained in this experi- 
mental study has been successfully tried out on tubed flaps during the 
last three years. It has also been of value in determining the tinie of 
division of the pedicles in those Jong pedicled flaps which are raised 
and without being tubed are immediately sutured back into the bed 
from which they came until read}' for transfer. 

Tl'.e longer the tubed flap is allowed to remain intact, within certain 
limits, the more stable the blood supply becomes, but from our obser- 
vations, both clinical and experimental, we are convinced that the 
establishment of circulation in tubed skin flaps occurs considerably 
earlier than was previously thought possible and consequently that it is 
safe to divide the pedicles sooner. 



A PATH OF INFECTION IN PERINEPHRITIS 


HARRY C. ROLNICK, H.D. 

CHICAGO 

Last year, before the Chicago Urological Society, Dr. Burstein and I 
reviewed a scries of fifty-live cases of perincphritic abscess.^ Thirty- 
two were metastatic in origin. The metastatic abscesses are of particular 
interest because the}' are usually diagnosed only when the condition has 
become well developed. They are, in the vast majority of cases, pri- 
marily cortical abscesses of the kidney,- thus accounting for the difficulty 
in their diagnosis. The abscess at first does not communicate with the 
renal pelvis, so that the urinary and pyelographic findings are negative 
until some weeks later, when the abscess has extended and communi- 
cates with the pelvis. The outer capsule undergoes inflammatory reac- 
tion and encapsulates the abscess, and thus here also evidence does not 
usually present itself until the abscess has spread into the perinephric 
tissue, when it is possible to make the diagnosis by the presence of a 
tumor, the finding of pus by aspiration or roentgenologic evidence. 

The various modes of invasion in perinephritis are pictured in the 
accompanying diagram (fig. 1). One of the paths of extension of 
infection — ^that along the periureteral sheath, of which very little men- 
tion has been made in the literature — is here shown. 

Since that report, I have operated in twelve cases of perinephritic 
abscess, one of which was bilateral. Two of these cases are of particular 
interest in that they indicate the path of infection as the sheath of the 
ureter. Other postoperative and postmortem observations are also of 
interest, for they show quite definitely the ureteral sheath as the pathway 
of infection from the pelvis upward and from the kidney down. These 
various observations prompted the experimental roentgenologic obser- 
vations on postmortem specimens of kidneys, ureters and bladder, which 
will be reported. The various clinical observations will be brief!}' men- 
tioned first. 

REPORT OF CASES 

Case 1. — In a woman, five days after a normal labor, a chill developed, followed 
by a fever which persisted for weeks and which was septic. There were no pelvic 
or urologic findings. After six weeks some tenderness and rigidity in the right 

Read before the Chicago Urological Society, April 23, 1931. 

1. Rolnick and Burstein: Perinephritic Abscess: A Review of a Series of 
Cases, J. Urol. 25:507 (May) 1931. 

2. Hunt, V. C. : Perinephritic Abscess, J. A. M. A. 83:2070 (Dec. 27) 1924. 
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lom proinptcci incision of (In’s region. A large perinepliritic abscess, which had 
e.xteiKlcc! in saccniations •from the pelvis up to the kidney, was drained. Six weeks 
later, a left perinepliritic abscess was drained. Tiiis abscess also extended along 
the posterior part of the peritoneum from the base of the bladder up to the kidney. 

Case 2.— In a man aged 55, who gave a history and rectal findings of a chronic 
prostatovesicnlitis, a septic temperature with some tenderness in the right lumbar 
region developed. Cystoscopic, urinary and roentgen findings were negative. 
A diagnosis of pcrinephritic abscess was made two uxeks later by puncture and 
aspiration. At operation a large abscess, extending up to the kidney bat lying in 
the dead space below it, was drained. Exposure of the ureter showed marked 
thickening and irregularity throughout its entire course from the bladder to the 
kidney. 



Fig. 1. — Diagram to show sources of pcrinephritic abscess. A, hematogenous 
form, face of infection elsewhere in body; B, extension of pcrinephritic abscess to 
subphrenic space ; C, extension of infection from cortical abscess of kidney to fat 
around it; D, same as C, but by way of lymphatics; E, retrocecal appendiceal 
abscess extending to perinephric fat, and F, extension of infection from prostate, 
etc., along periureteral sheath. (From Eisendrath and Rolnick: Urology, Phila- 
delphia, J. B. Lippincott Compan}", 1930, p. 690.) 

In the first case, the abscess may have developed and extended 
upward by continuity along the posterior peritoneum from the base of 
the bladder to the kidney. It may also have extended along the sheath 

of the ureter. 

In the second case, the evidence at hand, the previous prostato- 
vesiculitis, with negative urinary findings, and the irregularity, thicken- 
ing' and beading of the ureter indicate extension along the sheath of 
the ureter. The abscess did not involve the perinephric tissue, for it 
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had most likely broken through the ureteral sheath at one or more 
points before extending to the kidney. 

Cask 3. — Ten days following a low ureterotomy for stone, the patient required 
exposure of the kidney of that side because of pain, tenderness and rigidity over 
the lumbar region, together with chills and fever. An abscess was found which 
was entirely subcapsular and had no renal involvement. 

Here also the extension of the infection, undoubtedly from the site 
of the ureterotomy wound, was either along the lymphatics of the wall 
of the ureter or more likely along the sheath of the ureter. 

Case 4. — Two days following a difTicult nephrectomy in a case in which a small 
portion of the pelvis was left because it was hound down toward the median line 
very close to the vena cava, funiculitis of the spermatic cord of that side with 
some tenderness developed. This gradually subsided and cleared up completely 
when the patient left the hospital eighteen days following the operation. 

Case 5. — A nephropexy for kink of the ureter, in which the ureter was freed 
from adhesions, was followed within thirt 3 '-six hours b\' a rather marked crepitus 
of air emphysema in the spermatic cord of the same side high up in the scrotum. 
There was no scrotal emphysema. The patient made an uneventful convalescence, 
the emphj'sema clearing up within si.x days. 

Cases 4 and 5 indicate rather clearly the path of the funiculitis and 
the air emphysema of the spermatic cord as the sheath of the ureter and 
by extension at the junction of the ureteral sheath with that of the 
seminal vesicle along the sheath of the vas to the external inguinal 
ring. A few years ago, I demonstrated the possibility of infection 
along the sheath of the vas,^ and also presented clinical evidence of the 
same. Abscess and funiculitis usually present themselves in the groin 
at Bogros’s space,* a loose band of connective tissue separating the pelvic 
from the scrotal vas. 

Case 6. — At operation for a transcapsular rupture of the kidney, a fairly marked 
hematoma was present; blood had also extravasated along the posterior peritoneum 
downward for some distance along the sheath of the ureter. 

Case 7. — Autopsy in a man who had a marked pelvic infection disclosed a 
calculus in the cavity of a prostatectomj^ wound of a j^ear before. This had eroded 
through the prostatic capsule. The inflammatory involvement extended downward 
along the sheath of the vas up to the scrotal portion and also upward along the 
sheath of the ureter and posterior peritoneum up to the perirenal tissues. 

These various observations of extension of infection from the pelvis 
upward and from the kidney downward, with no associated urinary 
findings, as shotvn in the first five cases, indicate the path of infection as 

3. Rolnick, H. C. ; Infections Along the Sheath of the ^*as Deferens, T. Urol. 
14:371 (Oct.) 1925. 

4. Belfield, W. T., and Rolnick, H. C. : Roentgenograph}- and Therapy with 
Iodized Oils, J. A. M. A. 86:1831 (June 12) 1926. 
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tiloiijf the outer wall of the ureter or its sheath. The rapid extension 
downward of pus and air to tiie spermatic cord and of blood along the 
sheath of the ureter is strong evidence of extension of the process along 
the sheath of the ureter and by continuit}^ along the sheath of' the vas. 

Considerable experimental work has been done on ascending infec- 
tion of the kidne}'. Eisendrath and Schultz showed that infection may 
extend upn^ard along the anastomotic chain of l3anphatics in the wall of 



pjcr 2 Postmortem specimen of bladder, ureter and kidney; the peritoneum is 

still attached to the ureter. The periureteral sheath is shown with injection of 
contrast medium throughout most of its length. 


he bladder and ureter, and that ascending infection can develop ni tins 
tanner secondarily from infection of the prostate and seminal vesicle. 

Belfield," in his classic paper on “Pus Tubes in the Male,” described 
he intimate relation of the ureter, vesicle and vas as the broad ligainen 

"Tii^^^Tdrath and Schultz: J. M. Research 35:295 (Jmi.) 1917^ 

6. Belfield, W. T.: Pus Tubes in the Male, J. A. M. A. 53.-14I (Dec. 2a) 
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in the male and sliowcd the close proximity of the fascia and sheath 
of the seminal vesicle with that of the ureter. 

Von Lichtenberg ' discussed pathologic involvement of the upper 
urinary tract secondary to adnexal disease in the male and showed vary- 
ing degrees of hydronephrosis and renal infection resulting therefrom, 
some cases even requiring nephrectomy. These all resulted from com- 
pression of the lower part of the ureter bj" the seminal vesicle and stric- 


( 



Fig. 3. — Postmortem specimen of bladder, ureter and kidnej's ; contrast fluid 
is shown injected into both ureteral sheaths extending from the base of the bladder 
up almost to the kidney. 

ture of the ureter, owing to extension of infection to the ureter from 
the prostate and seminal vesicles. 

Considerable emphasis has been given of late to the importance of 
adnexal disease in the male in pathologic involvement of the upper 
urinary tract. Von Lichtenberg" spoke of the junction of the urinary 
and genital tracts in the male at the point where the vas crosses the 


7. von Lichtenberg; J. Urol. 24:1 (Juh') 1930. 
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Fig. 4 . — Various specimens showing the injection of the periureteral sheaths 
with contrast fluid at various points along their course. 


pehas and infiltrating and covering the fatt}? and true renal capsule. 
Within this sheath the ureter has considerable of its blood, Ijanph and 
nerve supply. In performing a ureterotomy for stone, it is best to leave 
the ureter attached to the peritoneum. Traction on the ureter and 
separation from the peritoneum ma^' result in separating it from its 
sheath. Slough of the ureter and persistent fistulas may result from 
depriving it of its blood, lymph and nerve supply. It is, therefore, evi- 
dent that the ureteral sheath is an important structure, and that it also 
permits possible extension of infection. 
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The periureteral sheath is also considered in Eisendrath and 
Rolnick’s ® “Urology” as a path of extension of infection to the 
perirenal tissue from the parametria, prostate, seminal vesicles and 
bladder. 

EXPERIMENTAL DATA 

The experiments for the purpose of determining the accuracy of the 
various clinical observations were made as follows: 



Fig. 5. — Specimen showing the injection of the periureteral sheath of each side 
with contrast fluid practically its entire length. 

Fresh postmortem specimens of both kidneys, ureters and bladder were 
emplo 3 ’ed. The specimens were from both males and females, children and adults ; 
in all, thirty were obtained over a period of a few months. In the male the 
adnexae were also attached. 

A contrast fluid of from 25 to 30 per cent sodium bromide solution was injected 
into the ureteral sheath, and the specimen was then roentgenographed. Injections 
were begun either in the fascia at the base of the bladder near the ureter or within 

8. Eisendrath, D. N., and Rolnick, H. C: Urology, Philadelphia, J. B. Lippin- 
cott Companj’, 1930, p. 689. 
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llic shcalli of llie seminal vesicle. In others, injection was made directly into the 
ureteral sheath, heginninp at the jiixta vesicular portion of the ureter and extending 
upward. In a few siiecimcns the injections within the sheath were begun at the 
renal pelvis and carried downward. In practically all instances, the contrast fluid 
could he forced very readily upward or downward along the sheath of the ureter. 
In the female, infiltration of the loose tissues at the base of the bladder permitted 
the forcing up and milking upward of the contrast medium in the ureteral sheath. 
The accompanying illustrations (figs. 2, 3, 4, S and 6) show the ureteral sheath 
into which contrast fluid was injected in the various ways mentioned. 



Fig. 6. — In each of these specimens, pyelograms and ureterograms have been 
made of one side to show the contrast with the other side in which injection into 
the ureteral sheath has been made. On the left hand side injection has been made 
into the ureteral sheath, from the base of the bladder upward. Air has been 
injected into the lumen of the ureter. On the right hand side, a ureteral catheter 
has been inserted into the lumen of the ureter, and injection made into the ureteral 
sheath from the bladder upward. 

COMMENT 

This, I believe, is the first time that the possibility of extension of 
infection along the sheath of the ureter has been demonstrated roent- 
o-enographically. These clinical and experimental observations should 
be of particular interest to gynecologists as well as to urologists. There 
many clinical observations by both gynecologists and urologists of 
adnexal and pelvic infection causing infection of the upper urinary tract. 
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The demonstration of extension of infection along the sheath of the 
ureter is of decided clinical importance. 

Bands and adhesions about the ureter and renal pelvis, periureteritis, 
perip3'elitis and perinephritis, acute and chronic and of varying degrees 
of severity, including perincphritic abscess, maj' result from extension 
of infection along the sheath of the ureter secondary to pelvic infection 
in both male and female. 

Dr. Jafic, pathologist at Cook Coiintj' Hospital, and his associates procured the 
specimens used in these c.xperiments. 

Dr. Kaplan, radiologist at Mount Sinai Hospital, did the roentgenographic work 
on the specimens. 
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SENSORy NERVES OF PERINEUM 
IRRITATIVE CONDITIONS OF 
EXTERNAL GENITALIA 


JANES R. LEARMONTH, F.R.CS. (Ed.) 

HAMILTON MONTGOMERY, M.D. 

AND 

VIRGIL S. COUNSELLER, M.D. 

HOCIIESTER, JIINN. 

The ])ur])ose of this paper is to form some estimate of the efficacy 
of neurectomy of sensory nerves in the treatment of certain irritative 
lesions of the female external genitalia. The intolerable itching which 
may be associated with such conditions as kraurosis, leukoplakic vulvitis 
and pruritus of the with or without liclienification is often par- 

ticularly resistant to local medication, whether this consists in the 
application of drugs or in exposure of the region to roentgen or actinic 
rays. This distressing symptom not only leads to excoriation of the 
parts, but also reduces the ph 3 'sical and moral stamina of the patient 
by depriving her of sleep. Two surgical procedures are available for 
the treatment of these conditions; vulvectom;' and section of the sensory 
nerves to the parts. The choice of operation may be simplified hy the 
occasional appearance of malignant lesions in the course of one of these 
diseases, a matter that has been recentlj'- dealt with bj'’ one of us;^ in 
such cases either simple or radical vulvectomy, according to the degree 
of malignancy, is obviously the correct treatment. In cases in which 
there is not any suspicion of malignant degeneration, section of the 
sensor}^ nerves of the area avoids the element of mutilation inseparable 
from vulvectomy. At first sight it would appear that neurectomy is 
merely symptomatic treatment; however, we have evidence that this 
operation may have a healing effect on the cutaneous lesions. This 
evidence, with a description of the histologic appearance of the skin 
before and after operation, will be presented in a subsequent paper. 


the nerves of the external genitalia 

The pudic nerve (fig. 1) is derived chiefly from the third and fourth 
sacral segments of the spinal cord, and also receives a small contribution 

From the Section on Neurologic Surgery, the Section on Dermatology and 
Svphilology and the Division of Surgery, the Mayo Clinic. 

1 rniincpller V. S.'. Leukoplakic Vulvitis or Kraurosis Vulvae; Its Relation 
to Carcinoma and Its Surgical Treatment, Minnesota Med. 14:312 (April) 1931. 
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from the second sacral segment. It enters the ischiorectal fossa around 
the lower border of the small sacrosciatic ligament, and runs on the 
inner aspect of the obturator internus muscle in a fascial tunnel known 
as Alcock’s canal. At first it has the pudic artery and veins on its outer 
side, but soon takes up a position superficial to these vessels. Soon after 
its appearance in the fossa it gives off its inferior hemorrhoidal 
branches, which cross the space to supply the posterior part of the 
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Fig. 1. — The anatomy of the pudic nerve (Spalteholz). 


external anal sphincter and the skin overlying this; not uncommonl}', 
however, these branches arise directly' from the sacral plexus and enter 
the fossa separately. The .trunk itself courses forward and becomes 
more superficial; it ends by dividing into the perineal nerve and the 
dorsal nerve of the clitoris. Sometimes the trunk divides into these 
in the posterior part of Alcock’s canal ; sometimes its final division is 
delayed until it reaches the superficial transverse muscle ; usually the 
separation into its terminal branches takes place about the middle of 
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Aicoclvs canal. A^Hicrcver they arc formed, the perineal nerve lies 

snpeificial to the jjiiclic A'cssehs, and the dorsal nerve of the clitoris deep 
to them. 

J he ])ei incal nerve almost at once divides into two branches : super- 
ficial and deep. The superficial perineal nerve is purely sensory, and 
passes forward to divide into the external and internal labial nerves, 
\\ Inch ma} be tiaced at least as far as the middle of the labia majoraj 
the external ncr\'c usually goes superficial to the transversus perinei 
muscle, the inteinal nerve through or deep to that muscle. Xhe external 
labial nerve anastomoses with the pudendal branch of the small sciatic 
nerve. The first ofishoot of the deep perineal nerve is a branch for the 
anterior part of the sphincter ani externus. When the pudic nerve 
di^'ides about the middle of Alcock’s canal, this anal branch passes trans- 
versely to its destination ; on the other hand, when the final division of 
the pudic nerve is delayed until it reaches the posterior border of the 
superficial transverse muscle, the anal branch curves backward and some- 
what inward to reach the sphincter. The uncertainty of the course 
pursued by the anal nerve inakes it necessarj^ for the surgeon to identify 
and avoid it during resection of the sensory nerves of the area. The 
deep perineal nerve then leaves the fossa by passing deep to the super- 
ficial transverse muscle and between the two layers of the triangular 
ligament; it is expended chiefly in the supply of the muscles in the 
anterior part of the perineum ; the superficial transverse muscle, the 
posterior part of the constrictor urethrae,^ the ischiocavernosus and 
the sphincter vaginae ; it also sends bi-anches to the bulb of the vestibule. 

The dorsal nerve of the clitoris passes between the two layers of the 
triangular ligament, in company with the pudic artery; in this part of 
its course it gives motor fibers to the anterior part of the constrictor 
urethrae. Close to the symphysis it pierces the triangular ligament 
and ends in the supply of the clitoris. 

The small sciatic nerve, which is derived from the first, second and 
third sacral nerves, also contributes to the sensory innervation of the 
external genitalia. One of its descending branches, the pudendal branch, 
runs mesially and forward, and courses toward the vulva about 2 cm. 
lateral to the ramus of the ischium. Finally, it pierces the deep fascia, 
and after anastomosing with the external labial nerve, it is distributed 
to the posterior half of the labium majus, and to the adjacent part of 
the skin of the perineum. 

The anterior third of the labium majus derives its sensory supply 
from the terminal branches of the iJio-inguinal nerve and the genital 

that part of this muscle sometimes separately described as the 
transversus perinei profundus. 
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branch of the genitocrural nerve. The ilio-inguinal nerve is derived 
from the first, and the genitocrural from the first and second lumbar 
segments of the spinal cord. 

The cutaneous areas subserved b)' each of the main sensory nerves 
are shown in figure 2, which has been modified from Tavel.^ On account 
of the rich anastomosis between their terminal twigs, the area supplied 
by each nerve is not sharply demarcated, and as a corollary the division 
of any one of them does not lead to complete paralysis of sensation in 
the territor}' attributed to it. This is especially the case with the labial 
nerves, the fine terminal branches of which often appear to overlap the 
field of the ilio-inguinal and genitocrural nerves. However, sensation 




Fig. 2. — The cutaneous distribution of the nerves of the perineum in the female 
(modified from Tavel) : a, ilio-inguinal and genitocrural nerves; b, dorsal nerve 
of clitoris ; c, superficial perineal nerve ; d, pudendal branch of small sciatic nerve, 
and e, inferior hemorrhoidal nerve. 

in the posterior two thirds of the labia majora may be greatly blunted 
by division of the superficial perineal nerves and the pudendal branches 
of the small sciatic nerves ; the clitoris may be added to this area by 
division of its dorsal nerves. 

From an analysis of the sensor)^ innervation of the perineum, it will 
be apparent that in order to allaj' irritation about its hinder part, the 
surgeon should aim at dividing the superficial branches of the perineal 

3. Tavel, E. : La resection du nerf honteu.x interne dans le vaginisme et le 
prurit de la vulve, Rev. de chir. 25:145, 1902. 
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nerves, the piuieiulai hraiiclics of the siiiail sciatic nerves and, if neces- 
sary. the dorsal nerves of the clitoris. The muscular branches of the 
deep i)ennoai nerves to the anterior part of the sphincter ani must be 
carefully preserved ; the nerves to the ])osterior part of the sphincter ani 
are not likely to be displayed during the operation. 


TKCnXIC 01' opkkatjox 


For seventy years sporadic reports of operations on tlie pudic nerves have 
apiicared m surgical and gynecologic literature. Most of these reports attribute 
the first operation to Sir James V. Simpson ' of Edinburgh, but give a reference 
to one of his papers which does not allude to neurectomy. The correct reference ^ 
contains a description of the procedure, under the heading “H}'peraesthesia and 
Neuralgia of the Vulva,” and gives priority in its use to Dr. Burns of Glasgow. 
1 his description is Quoted to slioir the first step in (he evolution of the operation. 
It may be added that the temporary nature of the results obtained by the original 
method were obviously due to regeneration of the nerves. 

There is one other morbid condition of the female genital organs, regarding 
which you must allow me to 533' a word or two during the few minutes we have 
still at our disposal. It is observed cluefly in married women who come to you 
complaining that contact with a certain point in the sides of the vaginal orifice, or 
vulva, causes them such acute suffering that they are totally unable to endure any 
attempt at marital intercourse. This pain seems to be due to a state of hyper- 
aesthesia of the pudic nerve, and was first described by Dr. Burns, of Glasgow, who, 
in his Principles of Midwifer3% after describing the anatomical distribution and 
relations of the nerve, goes on to say that it ‘is often preternaturally sensible, so 
as to cause great pain in coitu, as well as at other times. It may be exposed, by 
cutting through the skin and fascia, at the side of the labium and perineum; begin- 
ning on a line with the front of the vaginal orifice, and carrying the incision back 
for two inches. The nerve being blended with cellular substance is not easib" seen 
in such an operation; but it nia}' be divided by turning the blade of the knife, and 
cutting through the vagina to its inner coat, but not injuring that. It may be more 
easily divided by cutting from the vagina. Slitting, merely, the orifice of the vagina 
will not do ; we must carry the incision fully half an inch up from the orifice, and 
also divide the mucous membrane freely in a lateral direction.' I formerly knew 
one or two patients who had consulted Dr. Burns in regard to this affection, and in 
whom the pudic nerve had been divided in the manner he describes, either by 
himself or by his son ; 3'et in these patients the painful sensation returned, though 
sometimes not in the same place, but in the track of some other nerve. I believe, 
with Dr. Burns, that the best palliative treatment for such cases is division of the 
affected nerve; but, instead of laying it bare, I have usually cut it through sub- 
cutaneously, by means of an ordinary tenotomy knife. It is a surgical measure far 
more simple in its character. Occasionally there is greater supersensitiveness 
and neuralgia of the vulva and vaginal orifice, without there existing any 
local lesion whatever capable of accounting for it. The pain is not then usual y 
limited to any one single point. Such cases require the usual constitutional treat- 
ment of neuralgia, as iron, manganese, arsenic, etc., sometimes m long-continued 


4 Simpson, J. Y.; Clinical Lectures on the Diseases of Women: Lecture 10. 
On Caruncles of the Urethra— Neuromata of the Vulva— Hyperaesfhesia and i eu- 
ralma of the Vulva, M. Times & Gaz. 39:333 (April 2) 1859. 
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courses. You Iiavc to use general anti-neuralgia tonic medicines and measures ; 
and local!}’ all forms of sedatives and anodyne applications.” 

Alternative metliods for resecting the nerves of the perineum have been described 
by Rochet-'^ and Tavel. and recently by Wertheimer and Michon.® It is possible to 
approach the resection by either of two (dans: by finding the trunk of the pudic 
nerve, and then tracing it peripherally to the desired branches, or by finding certain 
peripheral branches and tracing them proxinially to the terminal branches of the 
trunk. In our experience the second method has proved satisfactory (figs. 3 and 4). 

The patient is placed in an exaggerated lithotomy position, and the parts are 
prepared. The steps of the operation are the same on both sides. The length of 
the incision varies from 7.5 to 10 cm., depending on the obesity of the subject. It 
is placed parallel to and about 3 cm. from the rami of the ischium and pubis, about 



Fig. 3. — Division of nerves of vulva, first stage. Inset, the incisions. 

five sixths of it being anterior to the anus. An incision so placed rarely gives rise 
to subsequent discomfort in walking or sitting. The incision is deepened by blunt 
dissection until the posterior border of the superficial transverse muscle is reached. 
The superficial perineal packet of vessels and nerves is then isolated as it turns 
forward around the muscle. It is not unusual for this packet to contain only the 
inner of the two labial nerves ; the outer labial nerve should then be sought as it 
turns around the border of the muscle. We have not found it of any advantage 
to attempt to preserve the small arteries and veins in the packet; it is divided 
between two clamps. The outer nerves in the grasp of the distal clamp are then 
traced distally, in an attempt to find their anastomosis with the pudendal branch 

5. Rochet, V.; Traitement chirurgical dcs prurits perineaux, anaux et vul- 
vaires, Lyon med. 100:570, 1903. 

6. Wertheimer, P., and Michon, L. : La nevrotomie du nerf honteux interne: 
indications, technique, resultats. J. de chir. 31:497 (April) 1928. 
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of the sinul! sciatic nerve; if i),c latter is readied it is divided and its distal portion 
IS twisted ont. K it is not readied, the labia! nerves and vessels arc ligated as 
tar torward ns possii.le, or twisted out, and the tissues thus isolated are removed, 
iiie nerves m the grasp of the proximal damp arc then traced proximally until 
the perineal hrandi of the pudic nerve is reached. Tlic twigs of this nerve that 
run to the anal region arc carefully safeguarded ; if it is necessary to denervate 
the shin of this area, cadi terminal twig must be tweaked; only the twigs that 
rlcprcss the skin when tweaked arc to be resected. The branches between the 
perineal nerve and the pro.xinial clamp arc removed, after ligation of any vessels. 
In this way a segment of the labial nerves from 5 to S cm. long may be resected, 
and a segment from 2 to 3 cm. long of the sensory branches of the perineal nerve 
to the skin around the anus. 



Fig. 4. — Division of nerves of vulva, second stage. 


If the dorsal nerve of the clitoris is to be resected, it may be found deep to 
the pudic artery, by following the perineal nerve (or bundle of nerves) toward the 
pudic trunk on the surface of the obturator internus muscle. Alternatively, if 
the division of the pudic nerve has taken place in the posterior part of its course, 
the dorsal nerve of the clitoris may be sought directly in Alcock’s canal. 

If it has been impracticable to isolate the pudendal branch of the small sciatic 
nerve in front, an attempt may be made to find the branch as it approaches the 
perineum. It runs parallel to and about 2 cm. to the outer side of the ramus of 
the ischium, and may be sought in this situation after retraction of the outer lip 

of the wound. _ • , r » *• 

The deep layers of the wound are then approximated by a few points ot catgur, 

and the incision in the skin is closed. We have not found it necessary to employ 
rlrpiiiaa-e A similar procedure is then carried out on the opposite side. The post- 
operative treatment does not differ from that of any other operation on the 

perineum. 
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PREVIOUSLY' RECORDED OPERATIONS 

Two cases liave been recorded by Rochet; ^ 

A woman, aged -)8, had pruritus for more than ten years ; even the vagina and 
tlie urethra itched. Apparently the trunk of the pudic nerve was divided on both 
sides; the pudic vessels were preserved. The itching was relieved for at least 
three years. 

A man, aged 50, had pruritus of the anus and scrotum for two years. The 
superficial branches of the perineal nerve, its branches to the skin around the 
anterior part of the anus and the pudendal branch of the small sciatic nerve were 
divided on both sides. The patient was completely relieved, and the cure persisted 
for at least eight months. 

One case has been recorded by ]\Iiirard : ' 

A woman, aged 54, underwent subtotal hj'Sterectomy in 1922, under spinal anes- 
thesia. A day or two after the operation she began to have symptoms of two 
distinct types : a feeling of weight in the perineum, with a sensation of fulness in 
the bladder leading to frequency, and pruritus of the vulva. Seven 3'ears after 
the original operation, the pudic nerves were divided on both sides. Five weeks 
later the pruritus had disappeared, and the parts appeared healthj\ The presence 
of the perineal scars gave rise to a little inconvenience in walking Murard was of 
the opinion that an injury to the roots of the cauda equina during the administration 
of the spinal anesthetic was the exciting factor in the case, but in the discussion 
which followed its presentation, Basset stated that an analysis of a large series 
of cases in which spinal anesthesia was used did not lend support to this view. 

One case has been recorded bj' Mauclaire : ® 

A woman, aged 34, two months after a pelvic operation, began to suffer from 
intense vulvovaginal pruritus, much pelvic pain and some vaginismus. At a second 
laparotomy, adhesions were separated and the remaining ovary was partially 
resected. The pruritus became worse. Eight months after the original operation, 
the right dorsal nerve of the clitoris and the left perineal nerve were resected. 
The patient was relieved of her symptoms, except that some vaginismus persisted. 

One case has been recorded by Albertin : ° 

A woman had.suffered for eight j'ears from pain in the bladder and vulvovaginal 
pruritus. On the right side the resection was limited to the perineal nerve, and on 
the left side the pudic nerve and artery were resected. The pruritus was relieved 
for the fortj'-five daj^s the patient remained under observation. It is noteworthy 
that, after the neurectomy, the passage of a catheter could still be felt. 

One case has been recorded by Tat'el ; ® 

A woman, aged 48, had suffered for a number of years from pruritus of the 
vulva, and an extreme degree of vaginismus. On the right side the perineal nerve 

7. Murard, Jean: Troubles vaso-moteurs et hj'peresthesiques consecutifs a 
une rachianesthesie. Traitement par nevrotomic des honteux internes. Bull, et mem. 
Soc. nat. d. chir. 55:1153 (Nov. 6) 1929. 

8. Mauclaire, P. : A propos du prurit vulvaire traite par le nevrotomie bilate- 
rale des nerfs honteux internes. Bull, et mem. Soc. nat. d. chir. 55:1210 (Nov. 30) 
1929. 

9. Albertin: Resection des nerfs honteux internes, Lj-on med. 100:572, 1903. 
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\va.s ayiilKcfl, its hniich hchg preserved; on the left side the perineal nerve 
\\.is audsed in its entirety, 'j'hree inontlis later tlie patient was entirely relieved 
(nit had a little truiihle in retaining a lifinid stool. 

One ctt.se li.ns hceii recorded by Berard and WertJtcimer; 


,,,, '“’2, had had intense pruritus of the vulva for fifteen months. 

I his resisted local treatment and periarterial syinpatliectomy of both internal iliac 
arteries. J he iierineal branch of the pudic nerve was divided on both sides. The 
result was c.xcellent ; not oiib’ was there symptomatic relief, but the cutaneous 
lesions were much impro\’cd. Two years later the patient had a mild recurrence 
of itching, which yielded to rest in bed. 


CA.SJ'S OnSKK\’ED AT THE MAYO CLINIC 


Case 1.~A woman, aged dS, came to the dime on Oct. 31, 1930, complaining 
of itching of the vulva which had begun in 192S, after panhysterectomy. The 
patient had not obtained satisiaclory relief from local applications. About the 
clitoris, and between the fourchet and the anus, were several rough and elevated 
whitish patches. The \'ulva U'as markedly atrophied. A diagnosis was made of 
kraurosis of the vulva and beginning leukokeratosis near the fourchet. 

On November 13, a specimen of skin was removed immediately posterior to the 
fourchet. Thereafter both branches of the superficial perineal nerve were divided, 
on both sides, at the posterior border of the superficial transverse muscle; the 
pudendal branch of the small sciatic nerve was also divided on both sides. On 
December 1, the wounds had healed, after some drainage from the wound on the 
left. The patient e.vpressed herself as completely relieved. Two days later a 
dermatologist assessed the decrease in leukokeratosis at 75 per cent. On Jan. 9, 
1931, the patient's family physician wrote that the vascularity of the tissues was 
much increased, and that the itching had disappeared entirely. An area 1 cm. in 
diameter to the left of the clitoris was still white and caused discomfort at times. 
In December, 1931, the patient was well pleased with the result of the operation. 

The tissue removed showed the histopathologic picture of leukoplakia. 

Case 2.— A woman, aged 49, came to the clinic on Nov. 28, 1930, complaining 
of intense itching of the vulva of four years’ duration. This had resisted treatment 
by local measures. On the inner aspects of the labia majora the skin was thick 
and white, and showed numerous excoriations at their upper angle. The labia 
minora were absent. There was relatively little atrophy of the skin, the latter 
being for the most part thick, white and soggy. A diagnosis was made of pruritus 
of the vulva, which some authorities would possibly term kraurosis in the hyper- 


trophic stage. j. • . , . 

On December 4, the perineal branches of the pudic nerve were divided on botli 

sides The pudendal branch of the right small sciatic nerve alone was divided; 
that of the left nerve was not identified. A portion of skin was removed for exam- 
ination On December 19, itching was still felt at night. A small area of soggy 
skin was still present around the clitoris. On Feb. 16, 1931, some itching was stih 
present on the right side. On Jan. 13, 1932, the patient reported that she had had 
Httle relief from the operation, and that the presence of the perineal scars somewha 

'"^^Seebon^of the skin removed at the operation showed the histopathologic picture 
of kraurosis of the vulva in its hypertrophic stage. 

—TTT^rd U and Wertheimer, P. : Kraurosis vulvae. Nevrotomie das nerfs 
JL Serts. L,™ chin 23:524, 192,!. 
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Case 3. — A woiunii, aKctl 61, came to the clinic on Feb. 28, 1931, complaining 
of itching al)out tlic ami.s and vulva, of nine 5'car.s’ duration. This had been treated 
elsewhere by injections of alcohol about the anus and e.xternal genitalia, but without 
success. The vulva was edematous and swollen. The mucous membrane was 
blanched, and there was a small area of necrosis and sloughing on the inner aspect 
of one labium majus. The shin on the inner aspects of both thighs was mildly 
irritated. The perianal skin showed similar but less severe lesions. A diagnosis 
was made of kraurosis of the vulva and anus, and leukoplakic vulvitis with lichenifi- 
cation and abrasions. 

On i\Iarch 4, the perineal nerve on the right side was divided, including a 
branch to the skin around the anus, and a similar resection was performed on the 
left side. The pudendal branches of the small sciatic nerves were not divided. A 
small piece of skin was removed for examination. On March 25, the vulva was 
less gray and more pinkish. There was not any evidence of scratching or leuko- 
plakia. On June 1, scratch marks and erythema were both absent. The vulva had 
the usual light pink tint seen in older life. The patient was completely relieved 
of the itching. 

The skin from the vulva showed the microscopic features of both kraurosis and 
leukoplakia. 

Case 4. — A woman, aged 49, came to the clinic on June 29, 1931, complaining 
of intense itching about the vulva, of thirteen years’ duration; at times this had 
been so intense that the parts had been scratched until they were raw. Local 
treatment had not been of any avail. She had had some trouble in controlling the 
rectal sphincter. A diagnosis was made of pruritus of the vulva, with slight 
kraurosis, and mild prolapse of the rectum. 

On July 8, the neurovascular packet containing the right superficial perineal 
nerves and vessels was divided. On the left side the vessels were dissected from 
the nerves, and only the latter were resected. During the dissection the right 
pudic artery was wounded and had to be tied, and the trunk of the right pudic 
nerve was also divided. A small piece of skin was removed for histologic study. 

On July 20, the patient was relieved of the itching. She still had some trouble 
in controlling the rectal sphincter. On August 25, she reported that she had com- 
plete relief from itching ; the rectal trouble persisted. On Feb. 5, 1932, she reported 
that the operation had been “a perfect success.” 

The skin from the vulva showed the histopathologic picture of neurodermatitis. 

Case 5. — A woman, aged 55, came to the clinic on July 9, 1931, complaining 
of itching of the vulva of thirteen years’ duration. Local treatment had not 
resulted in improvement. Around the vulva and anus there were pigmentation, 
excoriation and definite atrophy involving the inner aspects of the thighs as well 
as the vulvar folds. Patches of superficial ulceration were present in these areas. 
A diagnosis was made of kraurosis of the vulva. 

On July 24, an ulcerated area near the clitoris was removed for histologic exam- 
ination. Thereafter the superficial perineal branches of the pudic nerve and the 
pudendal branch of the small sciatic nerve were resected on both sides. On August 
8, the patient was completely relieved of itching. On Jan. 16, 1932, she reported 
that her condition was greatly improved; a little itching about the urethra was 
still present, at night onlj'. 

The portion of skin removed showed the histopathologic picture of leukoplakia. 

Case 6. — A woman, aged 40, came to the clinic on Aug. 27, 1931, complaining 
of itching of the ^•ulva of ten years’ duration. The first lesions had appeared on 
the inner aspect of the right thigh. After various local measures had been tried. 
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a senes of :.i>i>lieatio.is of rndiim. was made (elscndiere) over the vulva. The 
la major,! were edemaJojjs ;iiid red Their skiti was atrophic and contained 
mnnerons telanjj.ectatic ves.sel.s. Above the clitoris were several moderately deep 
crn.stc! i.lceraied lesions, mvolvinf? both labia. A diagnosis was made of pruritus 
and nctmodermatitis of the vulva. 


On Scidcmbcr 1, the .superficial perineal nerves and the pudendal branch of the 
small sciatic nerve were divided on both sides. On September fS, the itching had 
disa])))earcd. In sjiitc of tlicir unfavorable situation both wounds had healed by 
lirnn.yy union. On Jan. 12, 1932, the patient reported that she was in excellent 
condition and had no itching, and that all the ulcerated areas had remained 
healed. A biopsy was not performed in this case. 

Cask A— A woman, aged 55, came to the clinic on Aug. 11, 1931, complaining 
of itching of tlic vulva of four years’ duration. A diagnosis was made of kraurosis, 
involving the labia minora and clitoris. 

On August 19, a specimen was removed for histologic e.vamination ; the super- 
ficial perineal nerves and the pudendal branch of the small sciatic nerve were 
resected on both sides. On September 2, the only itching area remaining was a 
small patch near the clitoris, where skin had been removed. On September 17, 
the patient reported that there had been some discharge from both wounds. On 
November 2, a further report stated that the itching had almost completely dis- 
appeared. In January, 1951, the patient reported that she had periods of itching 
about three times in each twenty-four hours. 

The skin removed at operation showed the histopathologic picture of kraurosis 
of the vulva. 


FUNCTION AFTER OPERATION 


The Depth of Semory Paralysis . — It has been pointed out that the 
sensor)’' suppty of the female genitalia is not demarcated in strict zones, 
so that an accurate assessment of the sensory changes which result from 
neurectomy is difficult. We have found that the area of blunting of 
sensation corresponds fairly closely to the territory assigned in figure 2 
to the perineal nerves, although an attempt has not been made to separate 
their territory from that of the pudendal branches of the small sciatic 
nerves. In one of our successful cases tactile sensibility was not absent, 
although it was somewhat depressed, the principal change observed 
being analgesia, graded —2 to —3 on a basis of 4. Although single, this 
is an interesting physiologic observation, for elsewhere in the body the 
division of a sensory nerve usually produces more extensive anesthesia 
than analgesia. As a corollary it is of interest that the irritation which 
is called itching was suppressed in an analgesic area, although touch 
could still be felt ; the orthodox view appears to be that itching is felt 
by way of tactile fibers. We were unable to detect any such dissociation 
of anesthesia in our remaining cases. 

The Control of the External Sphincter of the Anus.— The posterior 
fibers of the external anal sphincter receive their motor nerves throug i 
tte inferior hemorrhoidal branches, the anterior fibers rom the pcrmcal 
branches. The preservation of the inferior hentorriio.da nerves ,s 
Scarcely a matter for concern, because they do not hamper the operator 
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and indeed ma\- not appear in the field. More care is necessary to 
preserve tlie mnscnlar branches to the anus that are derived from the 
perineal nerve; they were divided on one side in Tavel’s case, without 
any gross loss of rectal control. Division of the trunks of the pudic 
nerves distal to their inferior hemorrhoidal branches would leave the 
motor nerves to the posterior half of the sphincter intact, and in these 
circumstances it is likely that the combined action of the smooth internal 
sphincter and the posterior half of the external sphincter would assure 
control, except of liquid stools and after the administration of purga- 
tives. 

The Control of the Constrictor Urethrae . — In women the striated 
muscle fibers surrounding the urethra lack the purposive arrangement 



Fig. 5. — Normal cystometrogram, after division of the right pudic nerve and 
the left superficial perineal nerve: a, first appreciation of cold; b, first desire to 
void ; c, first feeling of pain, and d, severe pain. 


found in men. For the most part, the}' are set irregularly among the 
smooth muscle fibers that surround the wall of the tube. A part of 
this striated system is sometimes separately described as the transversus 
perinei profundus, and has assigned to it a function comparable to that 
of the external sphincter in men. This part of the sheet of striated 
muscle that closes the pelvic outlet in its anterior half can scarcely 
function as a true sphincter, because its fibers pass only behind the 
urethra, and form a sling for it rather than a circular controlling muscle. 

The sheet of striated muscle fibers around the urethra receives motor 
nerves from the deep branch of the perineal nerve and from the dorsal 
nerve of the clitoris, the territory of the latter nerve being anterior to 
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tlwl of Ihc former; al(li(jii,c,--h i(s arrani^emcnl in the female is not 
mcchaincally adapted to function a.s a sphincter, the question of control 
ot the bladder after operations on the piulic nerves is naturally of great 
nnportancc. When the resection is limited to the purely sensory super- 
ficial perineal branches this question does not arise, but when it is 
desirable to di\-ide the deep perineal branch and the dorsal nerve of 
the clitoris the surgeon must be able to assure his patient that the 
opeiation will not be followed by vesical incontinence. This sequel 
has not followed neurectomy, either in our hands or in those of others; 
c\identl3, in women, the smooth s])hincter is sufficient to provide, not 
onlj' foi retention of the urine, but for its periodic evacuation. If any 
branches of the puchc nerves phyeci an essential part in vesical control, 
incontinence of urine ought to have followed operation in our case 4, 
in Rochet s case 1, in Murard s case, in IMauclaire’scase and in Albertin’s 


Nenredomy of Perineal Nerves 


P.iticiit 

Observed; 

Observer Time 

Rochet 3 years 

Berard and Wertlieinier. . 2 years 

Learnioiitli 14 months 

Lcarmonth 13 months 

Rochet 8 months 

Lcarmonth 7 months 

Learmonth 6 months 

Lcarmonth 4 months 

Learmonth 4 months 

Learmonth 3 months 

Tavel 3 months 

Albertin 7 weeks 

Murard S weeks 

JIauclaire Not stated 


Result 

Completely relieved 

Slight temporary recurrence after two years 

Almost completely relieved 

Little, if any, relief 

Completely relieved 

Completely relieved 

Almost completely relieved 

Completely relieved 

Almost completely relieved 

Completely relieved 

Completely relieved 

Completely relieved 

Completely relieved 

Relieved of pruritus; some vaginismus persisted 


case. In our case 4, a normal cystoinetrogram was obtained after the 
operation (fig. 5). 

CONCLUSIONS FROM RESULTS OF OPERATIONS 

The results of the fourteen operations reviewed in this paper are 
best tabulated according to the period during which the patient remained 
under observation (table). 

Experience has shown that the immediate effect of operation is to 
banish the pruritus. This desirable result has been absent in only one 
case (our case 2). We have not been able to explain this failure, as a 
result either of difficulty in performing the operation, or of any peculiar- 
ity of the vulvar lesion ; it must be accepted as a failure. Granted that 
immediate relief is the rule, it is obvious that the permanence of relief 
depends on the possibility of regeneration m the severed nerves ,• there- 
fore only the first four cases in the table are of value in assessing the late 
rLu’lts of operation. In case 1 the result might well be called permanent 
In case 2 the possibility arises that the recurrence after the elapse of 
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two years was due to the restoration of additional sensibility to the skin, 
although the temporary nature of the recurrence is against this view. 
In case 3, the interval since operation is scarcely long enough to permit 
lalieling the result permanent. In case 4 the result was a failure from 
the first. In the remaining ten cases, assessment of the immediate relief 
alone can he made; this was satisfactory in all. 

It follows that every care must he taken at operation to resect or 
twist out sufficient lengths of the desired nerves to reduce the likelihood 
of restoration of their continuity. In their course the superficial perineal 
nerves undergo a sharp change in direction, and moreover their origin 
from the perineal nerve is on a substantially deeper plane than is their 
cutaneous distribution. It appears to us that the restoration of any 
considerable degree of innervation is unlikel}" in the territory of the 
labial nerves. It is otherwise for the nerves supplying the skin anterior 
to the anus. Their direction and plane correspond to those of the parent 
nerve, and it is not possible to resect more than a short segment of 
them ; to guard against regeneration, the parent branches may be doubled 
back and tied in this position. 

The operation appears to be well borne. Two patients in the com- 
plete series complained that the perineal scars interfered with walking; 
in one of these (our case 2) the operation had been totally ineffective, 
and in the other (Murard’s case) the surgeon was unable to detect any 
alteration in the gait of the patient. We have indicated that a carefully 
performed operation does not prejudice the function either of the blad- 
der or of the rectum. 

To sum up, we feel that neurectomy may well be offered to patients 
suffering from irritative conditions of the vulva, except those of two 
types : When there is any suspicion of malignant change, vulvectomy is 
the only procedure to be considered, and when the patient is so fat that 
identification of the various nerves would be tedious and perhaps uncer- 
tain, vulvectomy provides the quickest solution of the problem. 

SUMJIARY 

The anatomy of the sensory nerves of the perineum is described. 

The operation of neurectoni)' of the sensory nerves of the perineum 
is described. 

Fourteen cases are considered in which this operation has been 
performed for irritative lesions of the vulva. 

The number of cases and the length of time they have been obsen-ed 
do not permit an opinion as to the permanence of the relief afforded 
by the operation. Nevertheless, it is recommended as the primary treat- 
ment in such cases, unless there is any suspicion of malignant change, 
or the patient is so obese that neurectomy would be difficult and 
uncertain. 



ACVJh ABDOMINAL SYMPTOMS IN ARACHNIDISM 

CMARL1-:S BRUCE MORTON, M.D. 

U.VtVEKSITV, \'A. 


Several cases of aracliniclisin. a clinical syndrome due to the bite of 
the "black widow” spider, the J.atrodcctus mactans, seen recently at the 
Utiiversit}- of \''irg-inia Hospital presented abdominal symptoms of great 
se\ CJ ity. If the line condition had not been recognized, exploration 
of the abdomen for an acute surgical abdominal emergency might have 
been readily undertaken. The ease with which this confusion might 
occur — witness the reports of several such patients subjected to opera- 
tion elsewhere — and the apparent lack of consideration given the subject 
in the surgical literature suggested this resume of arachnidisin with 
particular reference to its abdominal manifestations. 

The first case af arachnidisin that came to my attention, case 1 of 
the series reported herenn'th, u'as not seen until the symptoms had com- 
menced to subside, and the diagnosis was not made until several weeks 
after the patient had been discharged from the hospital. The diagnosis 
was made at that time through a conversation with a surgeon ^ in a 
neighboring city. He described the case of a man who had been sent 
to him a short time previousl}'^ for operative treatment of a suspected 
perforation in a peptic ulcer. He felt that the symptoms and signs 
were not entirely typical and asked a medical consultant to see the case 
with him. The internist suspected arachnidisin and elicited the fact that 
the patient had been bitten by a spider a few hours previously. Had 
this diagnosis not been made, the patient would have been subjected to 
an exploratory laparotomy for the suspected perforation of a peptic 
ulcer. 

After hearing the symptoms and signs of this case described, I 
reviewed the history of case 1 and found them to be almost identical. 
With this background, it was not unduly difficult to make the correct 
diagnosis in the subsequent cases of the series reported herewith. In 
fact, case 2 created so much interest that the intern staff made the 
diagnoses in the later cases and admitted the last two patients, not to the 
surgical wards as candidates for operation, but to the medical wards for 
teaching purposes. 

REPORT OF CASES 


t r L S , a white man, aged 29, was admitted to a private room in 

■ of Virginia Hospital at 7 p. m. on Oct. 10, 1930. He compla.ned 


University 


1 Bigger, I. A.: Personal communication. 
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rather severe pain in the ahcloinen. He liad awakened at 5 a. m. with a slight 
tingling pain in the left popliteal space. He had not noticed any swelling or 
redness at the site. The pain had gradually radiated up the left leg to the 
scrotum and the left groin. In a short time he had been seized with excruciatingly 
severe, cramplike pain throughout the abdomen and toward the region of the left 
kidney. He had consulted his family physician, who had suspected renal colic 
and had administered morphine by hypodermic injection. He had been slightly 
relieved, but the cramplike pains had persisted, with exacerbations at intervals 
of three or four minutes, throughout the day. Because of the persistence of the 
pain, the patient had consulted another physician, who sent him to the hospital and 
asked me to sec him in consultation. 

At that time a careful review of the historj' revealed nothing additional of 
positive value. There was no knowledge of any recent blow, injurj' or insect bite. 
There had been no urinary symptoms, no nausea or vomiting, and the bowels had 
moved normally that morning. 

Examination revealed a well nourished j-oung man in obvious pain, restless 
and somewhat anxious looking. His temperature was 99.6 F. bj' mouth ; the pulse 
rate was 52 per minute, and his respiratory rate, 36 per minute. His respirations 
were rather shallow and somewhat labored. The blood pressure was elevated. 
There was no evidence of redness, swelling or heat and no pain or tenderness in 
the popliteal space, the left thigh, the groin or the scrotum. The abdomen was 
slightly tender throughout, and there was marked rigidity of the abdominal 
muscles, which felt boardlike. There was a little tenderness in the region of the 
left kidney. There seemed to be no abnormality of the muscle or tendon reflexes. 
Repeated urinalyses failed to demonstrate white or red blood cells, and there was 
no sugar or albumin in the urine. The leukocytes numbered 14,000 per cubic 
millimeter of blood. 

No definite diagnosis was made. The perforation of a peptic ulcer was con- 
sidered, but there was something indefinable about the consistency of the abdomen, 
which taken in conjunction with the absence of nausea and vomiting, the slow 
pulse rate, and the peculiar onset of the symptoms did not seem consistent with 
this diagnosis. Because of the pain in the left leg and the region of the left 
kidney, the tentative diagnosis of renal colic was made and continued careful 
observation advised. 

The next morning the patient’s pain had subsided to a considerable degree, 
and the tenderness and rigidity of his abdomen were scarcely perceptible. His 
temperature was normal, and the leukocytes numbered 12,500. Later that day he 
felt well enough to go home, and was allowed to do so. 

For a few days he was followed by the medical consultant as an office patient, 
and repeated urinalyses still failed to reveal any abnormal findings. Five days later 
a small, slightly indurated area was palpable in the left popliteal space. It soon 
disappeared, however. The patient’s history was filed under “no diagnosis.’’ As 
previously mentioned, the diagnosis of arachnidism was not realized and made until 
several weeks later, after hearing the histor}' of a case from a surgeon of another 
city. 

Case 2. — T. D., a white man, aged 21, was admitted to the surgical ward 
service of the University of Virginia Hospital on Sept. 20, 1931, at 3:30 p. m. 
He complained of severe pain in the abdomen. He had arisen that morning feeling 
perfectly well, had eaten fried ham. bread and coffee for breakfast at about 
9 a. m., and then had gone to an outhouse toilet and had a normal bowel movement. 
WHiile there he had not been conscious of anything like the bite or sting of an 
insect. Half an hour later he had started out of his house but had I)cen seized 
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slul.lciily will, Mu-I, a M-verc pain in Ihc Jnin-r part ol hh ahclomcn on the right 
Mcic and vxifiuling to the nglil groin (hat he had gone hack into the house to lie 
down. J he pani had increased so much that he had called his family physician 
udio administered morjihiiie hyiiodennically. The pain had persisted, and the 
piiysiciaii liad sent the patient to the hospital because lie suspected some acute 
intra-ahiioininal disease that necessitated siirgicnl treatment. There had been 
nausea hut no vomiting. Tlicrc had been no urinary symptoms or chills. 

JnnnediatcJ.v after the patient entered the hospital, examination revealed a well 
nourished, healthy looking young man apparently sufTering considerable pain. His 
temperature was 99 F. by mouth; his pulse good and its rate 104 per minute, and 
his rcsiiiratioiis were 24 per minute. Physical examination gave essentially 
negati\-c results, except for the abdomen, which was slightly tender throughout 
and (|ui(e rigid, 'i he rigidity was hoardlike in character throughout, though a 
little more marked on the right side than the left. All muscle and tendon reflexes 
were normal. 'Ihc leukocytes numbered 10,200, and examination of the urine 
revealed no abnormality. Four hours later the patient’s temperature was 100 F. 
by mouth, and the leukocytes numbered 13,500. The pulse was of good quality, 
and its rate was only 70 per minute. In spite of the failure to elicit the history 
of a spider bite, I made the diagnosis of arachnidism and advised symptomatic 
treatment rather than the exploratory laparotomj^ which had been previously con- 
sidered. 

The patient’s subsequent course pro\-cd the wisdom of this decision, ior his 
symptoms gradually subsided and the next day he was sufficiently well and com- 
fortable to go home. At that time his leukocytes and temperature were normal. 
Some days later his local physician reported that the man was entirely well and 
apparentl}' none the worse for his experience. 

Case 3. — N. E. D., a white man, aged 55, the father of T. D. (case 2), was 
admitted to the surgical ward service of the University of Virginia Hospital on 
Sept. 29, 1931, at 9: 00 p. m. He complained of pain in his abdomen, legs and back 
of about twelve hours’ duration. At 7 ; 00 a. m. he had gone to the same outhouse 
toilet as that visited a week previously b 3 ' T. D. (case 2), and while there felt a 
sharp, needle-like sting on the right side of his scrotum. He had not seen what 
stung him and had not given the incident any further consideration. About two 
hours later, however, he had felt pains in both knees which had radiated up the 
thighs and localized in the abdomen and back. The abdominal pain had been quite 
severe and accompanied fay nausea and vomiting. He had been most comfortable 
when lying down with the thighs flexed on his abdomen. During the day the pain 
had increased in severity, and he had called a ph 5 ’-sician to see him. The physician, 
who was not the same one who had attended his son, sent him to the hospital for 

surgical consideration. _ 

Examination revealed a well nourished, elderly-looking man apparently suffer- 
ing considerably.. His temperature was 101 F. by mouth, the pulse rate 80 and the 
remiratory rate 24 per minute. His systolic blood pressure was 140 and the 
diastolic 75 mm. of mercury. The only abnormal physical findings were a smal 
erythematous spot about 1 cm. in diameter on the right side of the scrotum an 
sliffht tenderness throughout the abdomen with very marked rigidity 
Ifnl-ral muscles. His leukocytes numbered 16,200, but urinalysis revealed no 
sTdlnS. Th. officer ,vho admitted .he pa.ien. ,0 .he 

t. eUtc, made the diagnosis of "arachnidism. ' 

The mtient improved rapidly, though he suffered from a rather severe and 

•stent headache. All his symptoms disappeared so that he tyas ab e to go lomc 
thiVty-six hours after the time of his admission to the hospital. 
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Casi: •!. — W. H., a Negro, aged 31, was admitted to the surgical ward service 
of the University of Virginia Hospital on Oct. 12, 1931. He complained of 
severe pain in Iiis abdomen of about twelve hours’ duration. His symptoms, signs 
and physical and laboratory findings did not differ in any essential respect from 
those Tccotmtcd in the fitst three cases, except that he had seen and felt a spider 
bite him. During the night lie had visited an outhouse toilet, and just taken his 
seat when he felt a sharp sting on the foreskin of the right side of the penis. He 
had a flashlight with him, and when he illuminated the painful area he saw “a 
black spider with long legs and red spots on his body" clinging to the skin. The 
abdominal pain bad commenced an hour or two after the spider bite had occurred. 

Case 5. — E. B., a white youth, aged 18, was admitted to the medical ward 
service of the University of Virginia Hospital on Nov. 18, 1931. He complained 
of severe abdominal pain of seven hours’ duration. He had been awakened at 
5 a. m. by the pain and had no knowledge of a previous insect bite. All the 
features of this case were practically identical with those of the previous four 
cases so they will not be detailed further. 

Case 6. — ^J. L. G., a white man, aged 35, w'as admitted to the medical ward 
service of the University of Virginia Hospital on Nov. 25, 1931. He complained 
of extremely severe cratnpHke pain in the abdomen of ten hours’ duration. About 
an hour before the onset of the pain he had felt a sting of some sort on the right 
wrist while loading rocks on a wagon from a rock pile. The symptoms and 
abnormal findings cbaracteristic of the previous five cases were found in this 
instance too, so that the details will not be repeated. 

COMMENT 

The most striking feature of all the cases was the relative ease with 
which the correct diagnosis could be made, even without the history 
of the bite of a spider, if the condition were borne in mind, but like- 
wise the ease with which the mistaken diagnosis of an acute surgical 
intra-abdominal disease such as perforated peptic ulcer might be made 
if one were not familiar with the symptoms and signs of arachnidism. 

The outstanding symptom in each case Avas the severe and usually 
cramplike abdominal pain, while the most prominent physical abnor- 
mality Avas the extreme boardlike rigidity of the abdominal musculature. 
Regarding the pain in the abdomen, it is important to note that in most 
of the cases there Avas an associated pain or ache in the muscles of the 
thighs or the back. Concerning the rigidity of the abdominal muscles, it 
is important to note that the tenderness Avas much less marked than that 
usually accompanying the rigid abdomen of a perforated peptic ulcer 
or appendix. 

Arachnidism is characterized b}^ the acute onset of severe pain Avithin 
from a few minutes to an hour or more after the bite of a spider has 
occurred. Not infrequently the patient is not conscious of having been 
bitten at all. The characteristic progress of the pain from the site of the 
bite to the abdomen is often overshadoAved by the severity of the abdomi- 
nal pain and ignored or forgotten bj’- the patient. The pain may actually 
commence in the abdomen and remain localized there, ihougii in such a 
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ais(- I( Iisiially (I(,f.s radiate to (ho hack er down the thighs, especially 
< unng the siihsideiice of the most acute symptoms. Nausea and vomit- 
ing lre(pKmtly occur. 'J’licrc i.s characteristically an elevation of the 
i>.-ifient s temperature to from 99 to 101 F. with an accompanying leuko- 
cytosis of from 12,000 to 20,000. The patient’s pulse rate is usually 
elevated .sliglitly, but in two of t)ic cases of this series it was lower than 
normal. .1 he blood pressure is ttsual!}^ elevated. Apparently, rigidity 
of the abdominal muscles, usually boardlike in character, is present in 
all cases. Palj-iation, however, reveals less tenderness than would be 
expected to accompany the rigidity. Morphine administered by hypo- 
dermic injection will relieve the j>ain partially though not entireI 3 ^ but 
the rigidity of the abdominal muscles will not disappear after its use. 

1 his summary of the syndrome shows how closely it may simulate 
an acute abdominal disease necessitating immediate surgical intervention. 
.At a recent meeting of one of the prominent national surgical societies, 
a paper dealing with acute abdominal disease was read. During the 
discussion of the paper, a well known surgeon - mentioned a group of 
cases that he said always puzzled him greatly. He described two cases 
as typical e.x'amples. In each of them the symptoms, signs and labora- 
tory findings u'cre similar to those of arachnidism. In each instance the 
abdomen had been explored but nothing abnormal found except for an 
apparent spasm of the entire intestinal tract. For lack of a more satis- 
factory explanation he had ascribed the symptoms and signs to “entero- 
spasm” of unknown origin. In some subsequent cases he had found 
that the administration of atropine hypodermically would relieve the 
symptoms. This was learned too late to try it in any of the cases of 
arachnidism of this report. Dr. Biyan has subsequently told me that 
he believes arachnidism to be very unlikely as the cause of the acute 
abdominal S 3 '^mptoms in at least some of his cases of ""enter ospasm." 

While arachnidism has been discussed frequently and many cases 
have been recorded in the literature, I have found no reference to the 
S 3 mdrome in textbooks or periodicals devoted to surgery. In many of 
the recorded cases, however, the patient has been subjected to operation 
under a mistaken diagnosis. 

A very comprehensive review of the literature- was made by Bogen ® 
in 1926. He added fifteen cases to those already reported and made 
several interesting observations. Apparently the age and sex incidence 
is unlimited. Some patients came from large cities while others dwelt 
in the country. Most of the bites occurred in the ei^ening or early 
morning in the summer or early autumn. 

W. A.; Personal communication. 

i Bogen, Emil; Arachnidism: Spider Poisoning, Arch. Int. Med. 38.623 
(Nov.) 1926. 
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Bogcn stated that the Latrodcctus mactans, frequentl}' ealled the 
“black widow," is the cliief and pcrli.aps the only really poisonous spider 
in the United States. It has been found in almost all sections of the 
United States. 

The following description is taken from his article: 

Latrodcctus j\Iactans is a sliitiy, coal black spider, usuall}' brilliantly marked 
with red or yellow or both. The female, which is always the one responsible 



Fig. 1. — Female Latrodcctus mactans caught beneath kitchen porch overhang- 
ing outside stairs to basement, Charlottesville, Va. (Hindmost left leg is missing.) 


for the bites reported, is often a half inch in length when fully grown, and may 
stretch its slim, glossy, black legs over as much as 2 inches (5 cm.) [fig. ]]. The 
markings vary greatly, the most constant being a bright red patch shaped some- 
what like an hourglass, on the ventral surface of the abdomen [fig. 2]. The 
globose abdomen, much larger than the ccphalothorax. resembles a black shoe 
button, although it may have one or more red spots along the middle of the back 
and over the spinnerts, in addition to the ventral patch [fig. 3]. The male is 
much smaller than the female and is even more conspicuously marked, having 
four stripes along each side of the abdomen, in addition to the marks of the 





Fig. 2. — Female Latrodectus mactaiis, ventral aspect, showing “hour-glass,” 
scarlet marking. (Outlined in white for clearer depiction.) 



pjg 3_ — Female Latrodectus mactans, showing scarlet spot just cephalad to the 
spinnerts. (Outlined in white for clearer depiction.) 
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female. The younp: spiders arc nuicli lighter in color, gradual^' donning the 
glossy, black coal in a series of moults over about forty days. 

The black widow, as it is called from its custom of eating its mate, is usually 
found alone, as it will engage in mortal combat with any other spider placed near 
it. It builds a coarse and irregular dark web in dimly lighted places where it 
may be undisturbed. Occasionally it is found under stones or pieces of wood or 
in holes in the ground, in old stumps or bushes, more often in the rafters and 
corners of little used buildings, in the basements and attics of unfrequented 
houses, and in the dark corners of barns and other outbuildings, and it has been 
frequently seen in outdoor toilets, where it builds its web across the seat of the 
toilet. 

More than 150 cases of poisonous spider bites have been reported by thirty- 
three physicians in the United States during the last century. In several instances 
the patient was operated on by mistake for an acute appendicitis or other acute 
surgical abdominal disease, while biliary or renal colic, acute pancreatitis, ruptured 
gastric ulcer and various forms of poisoning were suggested in others. 

Bogen, whose bibliography included 462 references, concluded that 
“arachnidism or spider bite poisoning is a true clinical entity in the field 
of general medicine.” I might add that this clinical entity may be 
important to consider in the differential diagnosis of acute surgical 
abdominal disease. 

SUMMARY 

Six cases of arachnidism, poisoning from the bite of the Latrodectus 
mactans, or “black widow” spider, were reported. In some instances the 
spider bite had occurred without the patient’s knowledge. The cases 
were characterized by the acute onset of very severe abdominal pain, 
usually nausea and vomiting, boardlike rigidity of the abdominal muscles 
with more or less tenderness and elevation in the patient’s temperature 
and leukocytes. Attention was called to the ease with which the 
mistaken diagnosis of acute surgical abdominal disease might be made 
and the patient subjected to an unnecessary exploratory laparotom 3 ^ A 
previous comprehensive review of the literature by Bogen was briefly 
alluded to, including his statistics of the incidence of the disease and 
his description of the spider and its habitat. The importance of 
arachnidism as a clinical entit}’^ to be considered in the differential diag- 
nosis of acute surgical abdominal disease was stressed. 



LIGATION OF TJ-IE SAPI-IENOUS VEIN 

A ox TWO UVXORED AMUULATORY OPERATIONS 

G/iZA de TAKAtS, M.D. 

AN'D 

LAW'RENCE QUILLIN, M.D. 

CHICAGO 


PREVIOUS LITERATURE 

In a previous comiminicatioji one of us (Dr. de Takats G advocated 
ligation of the saphenous vein for certain types of patients afflicted 
v’ith A'aricose veins. The operation was described as an anibuiatory 
procedure to be used in combination with injection treatment. Since 
that time we have been able to perform this operation on one hundred 
and fifty more patients, and are now presenting a report on the total 
of two hundred cases, describing the indications and contraindications, 
tlie statistical data of our material, the technic, postoperative coarse and 
complications and the results and recurrences. 

Celsus.- in his books on medicine, described an operation for varicose 
veins as follows : 


The skin over the vein being incised, the edges are taken tip by a small hook 
and the vein is drawn apart on all sides from the body; and it is guarded against 
lest among these things tliemselves, it may be injured. And a blunted little hook 
is placed under, and about the same space being placed between (four fingers), the 
same is done in the same vein ; whither it may tend is known easily, the little hook 
being extended. When the same has been done in whatever part varices are, the 
vein being drawn in one place by a little book, is cut off; afterward in what 
part the next hook is, it is drawn and pulled out and there again is cut off. And 
thus on all sides the leg being freed from varices, then the edges of the wounds 
are closed together and an agglutinating plaster is cast on over. 


Obviously, multiple excision of small segments of vein were made, 
but no mention is made of cautery or ligature to stop bleeding. Inter- 
esting notes about the etiology and operative treatment of veins are 
found in Ambroise Fare’s work, published in 1579: 

The matter of them is usually melancholy blood, for varices often grow in men 
of melancholy temper and which usually feed on grosse meats or such as breed 


From the Peripheral Circulatory Clinic of the Department of Surgery, 


Northwestern University Medical School. 

1. de Takats, Geza : Ambulatory Ligation 

94:1194 (April 19) 1930. _ 

2 Celsus, A. C. ; De medicina libri octo, 


of the Saphenous Vein, J. A. M. A. 
Lugduni, Apud J. Tormcshim & G. 


Gazehim, 1554, book 7, par. 31. 
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grossc and melancholy humours. Also women with child are commonly troubled 
with them by reason of the keeping together of their suppressed menstrual 
cracuation. It is best not to meddle with such as are inveterate; for of such being 
cured there is to be feared a reflux of the melancholy blood to the noble parts, 
whence there may be imminent danger of maligne ulcers, a cancer, madnesse or 
suffocation. 

Pare advocated tying the vein below the knee. The last two com- 
plications suggest a frequent occurrence of sepsis and pulmonary 
embolism, although the idea that the varicose blood was dangerous 
had already been expressed by Hippocrates. The formation of varicose 
veins was thought to be an effort of nature to sidetrack the deleterious 
humors that might otherwise cause madness, etc. This opinion was 
handed on intact until the discovery of circulation. 

W. Turner \\'arwick ^ gave an excellent description of the gradual 
evolution of the mechanical theory as opposed to the humoral theory 
of Hippocrates. The mechanical theory of varicose veins was the con- 
sequence of Harvey’s theory of circulation, and the importance of valves 
was gradually recogriized. 

So far as can be ascertained, Home ■* in 1801 practiced ligation of 
the saphena magna at the level of the knee, with the view of cutting 
off the column of blood from ulcers. “Within a few hours after the 
vena saphena has been taken up the symptoms disappear and the patient 
is led to take notice of the distress it before gave him and to explain 
the sense of the suddenness of its removal.” The operation was con- 
demned because of the frequent occurrence of sepsis. Brodie, cited 
by Warwick - in his lectures on “Surgery and Pathology,” appreciated 
the value of Home’s procedure, but he tried other measures of inter- 
rupting the continuity of the vein. He tried open division with a 
compress, whereas Codes devised a vein truss, and ATlpeau a pin 
which passed underneath the vein with the two ends tied together 
above it. 

This was the status of vein ligation when Trendelenburg,'^ in an 
aseptic era, revived the theory of reflux and established the operation 
on a rational basis, stating that the vena cava, the iliac vein and the 
trunk of the femoral vein below Poupart’s ligament usually have no 
valves, and that if the saphenous A'alves become incompetent a single 
wide tubular system exists from the heart to the ankle. He also pointed 
out that the variations of intra-abdominal pressure would be trans- 

3. Warwick, W. Turner: The Rational Treatment of Varicose Veins, and 
Varicocele, London, Faber & Faber, Ltd., 1931. 

4. Home, Everard ; Ulcers on the Legs, London, W. Buhmer & Companv, 
1801. 

5. Trendelenburg. Friedrich: Ueber die Unterbindung der Vena saphena 
magna bei UnterschenkeU'arizen. Beitr. z. klin. Chir. 7:195, 1891. 
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inittcd to Die .Kaplieiiotis system. To protect this system, he advised 
sapiienoiis h-ntnrc ahnnl .3 inches (7.6 cm.) above the knee. Later 
1 erthe.s. Iroiu his clinic, empliasizcd high ligation at the saphenofemoral 

junction, ns in seven of the seventy-eight cases collaterals developed 
above tlie ligature. 


llic cnd-rcsiilts of Trendelenburg’s operation were not encouraging, 
ihcrc were from 22 to 72 per cent recurrences reported,^ so that the 
method, practiced alone, fell graduall 3 ’- into disrepute. In addition, the 
percentage of fatal embolism following this operation was estimated 
from a large jiersonal series of Bernsten as 0.7 per cent. This 
astonishingl}’ high percentage of embolism has kept many surgeons in 
constant fear of vein ligations. In reading the description of Trendelen- 
burg’s operation, we find that following vein ligation, the patient’s legs 
are bandaged from the ankle to the site of ligature, and are splinted 
and immobilized for three weeks. These procedures, we fear, are not 
the proper measures to combat embolism, but are important factors in 
producing it. 

On annlyzing our results with the injection treatment for varicose 
veins, ^ we found a definite percentage of recurrences, which were due 
to recanalization of the obliterated veins because of an uninterrupted 
reflux from the proximal segments of the saphenous vein. Therefore, 
ligation of the saphenous vein was introduced as an adjunct to the 
injection treatment, preventing backflow, serving as a barricade to 
ascending phlebitis and reducing materiall}’’ the number of necessary 
injections.^ The combination of injection treatment with vein ligation 
was not new ; Tavel," Schiasis " and Moszkovicz ® advised such a pro- 
cedure. However, no emphasis has been laid on the importance of the 
ambulatory t}'pe of ligation. Aside from the economic aspect of 
saving the patient hospital expenses and permitting him to continue 
work after two days, we hope that the danger of embolism may be 
obviated or reduced to a minimum in the ambulator^^ patient. 

No smaller authority than Theodor Kocher ® had his patients get up 
the second day after a high saphenous ligation, which he combined 
with multiple percutaneous ligatures of Schede; sometimes as many 
as two hundred ligatures were employed on one patient. Such patients 
were allowed to get up the second day and were discharged on the 


Td^Tt^kats, Geza, and Quint, Harold: The Injection Treatment of Varicose 

Veins Surg., Gynec. & Obst. 50:545 (March) 1930. 

7.’ Cited by Sicard, J., and Gaugier, L.: Le traifement des varices par la 

crlprnqante Paris, Masson & Cie, 1927. 

8 M<.«kovi=. B.l,a„dl«ns der KW.dem mi. Z.cter, io„.„ 

I 1 * * f Venenli^'atur, Zentralbl. f. Chir. 54:1/32 (Jul} 9) 19^7. 

'IcLher Tbeodon Vcreinlachiing der operalivcn Behandtong dcr Variaen, 
Scir. f. CMr. 13S.-nd (Nov. I) 19.6. 
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fiflli day. In our .seric.s not one patient, whether a dispensary or a 
private patient, lias been lios])italized, and in the two hundred patients 
we liave not observed a single embolism or pulmonary infarct. 

INDICATION’S AND CONTRAINDICATIONS 

d'hc preliminary report has already stated ' that when the long 
saphenous vein is visible or palpable above the lower third of the 
thigh, the ligature is preferred to injections at this level. It is, of 
course, possible to make injections into the saphenous vein above this 
point or even just below Poupart’s ligament and produce an obliteration 
of the vein, but there are several reasons why to us an aseptic ligature 
seems more advisable in such cases. First, injections are sometimes 
impossible above the middle of the thigh, because the vein dips deeper 
and deeper in the subcutaneous fat and may not be palpable at all 
in spite of existing valvular incompetence. In such patients, if injec- 
tions are made at a lower level, an ascending thrombosis will make 
the previously unrecognizable vein suddenly manifest and palpable to 
the saphenofemoral junction. This progressive, ascending thrombus 
has none of the characteristics of the thrombus produced at the site 
of local intimal irritation. It is a stagnation thrombus (static thrombus 
of Aschoff), and is soft, friable and hardly adherent to the wall. Given 
the other possibility, that the vein is widely patent to its junction with 
the femoral vein and injections can be made into it, clots of formidable 
size, which have been seen to attain 5 cm. in width (fig. 1) 
cannot be regarded as harmless. The frequently expressed idea of 
MePheeters,^” that embolism is not to be feared because of the reversed 
flow of blood in the varicose vein, refers only to the upright position ; 
certainly in the horizontal position the pressure in the veins of the 
extremities is negative. 

An equally important reason for advocating ligature of the saphen- 
ous vein at high levels is frequent canalization of thrombi if the back- 
pressure of blood is permitted to persist. It was with the idea of 
diminishing the incidence of recurrences that the ambulatory vein liga- 
tion was proposed. The backpressure in previous measurements was 
as high as 210 cm. of water. Our idea has been corroborated and 
extended by convincing histologic evidence through the significant work 
of Ploward, Jackson and Mahon.’- The}' reported the strikingly high 

10. McPhccters, H. O. : Varicose Veins, cd. 3, Philadelphia, F. .A. Davis 
Company, 1931, p. 71. 

11. de Takiits, Geza; Quint, H. ; Tillotson, I. T., and Crittenden. P. J. : The 
Impairment of Circulation in the Varicose Extremity, .Arch. Surg. 18:671 (Feb.) 
1929. 

12. Howard, At. J. ; Jackson, C. R., and Mahon, E. J. : Recurrence of Varicose 
Veins Following Injection : .A Study of the Pathologic Nature of the Recurrence 
and a Critical Survey of the Injection Method, .Arch. Surg. 22:333 (March) 1931. 
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incidence of 79 per cent recurrences caused by recanalization. That a 
totally occluding superficial thrombophlebitis may result in a recanaliza- 
tion of the vein has been seen in five personally observed cases. The 
double ligature with excision of a segment of at least 3 cm. in length 
is a permanent block, although a possibility of a '"detour” will be dis- 
cussed later. 

In the fiist communication it has also been stated that the average 
number of necessary injections following ligation could be reduced 
from twenty-one to six. The same observation could be made in the 
present larger series. 

Another indication for tying the saphenous vein has been an ascend- 
ing thrombosis of a spontaneous phlebitis if one is able to ligate above 
the thrombosis. We have recognized this indication in five cases of 
acute ascending thrombophlebitis. The ligature not only acts as a 
barrier to the distal clot, but seems to alleviate the pain by removing 
the tension of backpressure from the inflamed vessel. These patients 
have not been strictly ambulatoiy, as they have been admitted to the 
hospital and kept in bed for a few days. However, as soon as the 
fever and pain subsided, they were allowed to get up, and they were 
home on the fourth day. In addition, other measures were used to 
hasten absorption of the periphlebitic exudate, the discussion of which 
is not within the scope of this paper. 

The contraindications to ligation of the saphenous vein are few and 
definite. In the first place, if the venous dilatations are present only 
below the knee and the long saphenous vein is not palpable even at the 
level of the inner condyle, the operation is not necessary. Secondly, if 
there are multiple incompetent anastomoses between the deep and the 
superficial system, a high ligature of the saphenous vein will not pre- 
vent the inflow from the deep veins. In such patients an attempt may 
be made to make multiple ligations of the incompetent anastomoses. 
For such multiple ligations we prefer to admit the patient to the hos- 
pital for twenty-four hours, just for his com'fort, but not with the 
idea of immobilizing him for an}" length of time. If there are too 
many incompetent valves, a high ligation followed by excision and 
stripping is our method of choice.® 

Thirdly, the vein ligation is not indicated if a deep venous block 
is present. Men of great experience in this line, such as McPheeters, 
have stated that they have never seen a lack of patency in the deep 
vein. It is, of course, well known that a clot in the deep veins becomes 
permeable after a certain length of time either by a true canalization of 
the thrombus or by a reestablishment of circulation through short 
collaterals and the vasa vasorum. Nevertheless, following a deep 
venous thrombosis, a certain degree of venous insufficiency persists, 
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and the ligature of a coiniiensatory dilatation docs not seem logical. 
It may not aggravate the edema, hut it will hasten the development of 
other collaterals. One must also consider the effect of old canalized 
thrombi on the important femoral valve at the level of Poupart’s liga- 
ment. which protects the limb from backpressure. 

G. P., aged 46, had a left-sided deep thrombophlebitis following 
childbirth. Twenty-six years later she was seen with a tortuous long 
saphenous vein, into which a large anterolateral branch emptied. The 
Trendelenburg test gave a positive result. The Perthes test showed 
deep patency. There was no edema. A high ligation of the saphenous 
vein was performed, and multiple injections were made into the thigh 
and calf distally to the ligation. The patient made an uneventful 
recovery ; at the time of her discharge ah the veins were obliterated. 
There was no edema. One month later, the vein into which injections 
were made was firmly obliterated, but a new large channel was visible, 
running parallel with the original vein. The vein started from above 
Poupart’s ligament and was obviously not an overlooked saphenous 
branch. We have interpreted this recurrence as the result of increased 
venous pressure in the deep veins, which opened up new superficial 
veins. 

To sum up, then, ligation of the saphenous vein is indicated: (1) in 
valvular incompetence of the long saphenous vein above the lower third 
of the thigh, (2) in valvular incompetence of the anastomotic branches, 
if they resist injection treatment and (3) in ascending thrombophlebitis 
of the saphenous vein. 

The operation is contraindicated: (1) when the vein is not involved 
above the knee, (2) when there are multiple incompetent valves in the 
communicating branches which cannot all be ligated and (3) when 
there is evidence of insufficient deep venous return owing to an old 
deep phlebitis or a deep A^alvular insufficiency. 

TECHNIC OF AJIBULATORY VEIN LIGATION 

It would hardly seem necessary to describe a simple vein ligation in detail. 
NeA'ertheless, there are a few minor details that are significant because the opera- 
tion is performed on ambulatory patients. The operations were done in a sterile 
operating room either at the hospital or in a perfectly equipped operating room of 
the surgical dispensary, with all necessary precautions such as masks and 
mouth pieces covering the nose. In the standing position the course of the vein is 
marked out with a 2 per cent solution of brilliant green. The skin is shaved dry 
just before the operation and prepared with ether, iodine and alcohol. The line 
of incision in high saphenous ligations runs about a bandwidth distalh' and 
parallel to Poupart’s ligament and should start mesially to the palpable femoral 
artery. Naturally, if the vein is palpable at this level, a shorter incision of from 
3 to 4 cm. is sufficient. Generally we prefer transver.se incisions, because thus 
some of the accessory saphenous branches are caught and tied. However, if .a 
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Wr segment ot v«i„ sl,„„M cveisrf ,vitl, i« i,.s„ISci=„l a„a 3 ,„„„,ic b„„ch 
a longitiidira! jncision is more useful. orancii, 

3 cIrobVrf r Mrochloride with 

J drops of 1 . 1,000 epmephnne to each ounce (fig. 1). Only a suoerficial s.,h 
cutaneous mfiltration is made, and repeated aspirations are made for blood. Because 
of the vicnnty of the large vein, care must be taken not to inject any procaine 
3'drochlonde intravenously. In one patient, as reported in our previous article i 
only a few drops of procaine hydrochloride were sufficient to produce pallor 
tachycardia and numbness of the lips and fingers. The toxic effects wore off in 

a few minutes, but illustrate the necessity of extreme care in this region to avoid 
intravenous injection. 



Figure I Figure 2 


Fig. 1. — Ligation of the right internal saphenous vein. A week later a massive 
clot was palpated above the knee. The left side has not been treated. 

Fig. 2. — The course of the vein is outlined in the standing position at the 
highest palpable point with a 2 per cent aqueous solution of brilliant green. Five- 
tenths per cent procaine hydrochloride solution with 3 drops of epinephrine, 1 : 1,000, 
is used to infiltrate a transverse line of incision. Beware of intravenous injection ) 


After waiting about five minutes for a complete anesthesia, incision is made 
through the skin and subcutaneous fat. In some patients a strong tortuous anterior 
branch lies immediately under the skin and needs no further exposure. Tin's, 
however, may not be the main trunk, but a collateral from the superficial epigastric, 
overcoming a previous iliac block. At this high level (three fingerbreadths below 
Poupart’s ligament) the main trunk lies below the superficial fascia and has to be 
exposed at a depth of from 2 to 4 cm., or sometimes even more. Mffien the main 
vein is exposed, a perivenous injection is made on both sides of the vein as traction 
on the perivenous sympathetic fibers produces pain (fig. 2). A curved artery forceps 
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or aneurysm needle armed with no. 1 chromic catgut is insinuated under the vein 
twice (fig. 3). The two ligations are tied at a distance of 3 cm. or more, and the 
segment of vein is well lifted up to detect communicating branches from the deep 
veins, which should also be carefully tied as they may produce a profuse hemor- 
rhage (fig. 4). It is important to place the proximal ligature as close to the 
femoral junction as possible, leaving a very short stump. As an added precaution 
a second ligature may be applied to the proximal stump, as considerable pressure 
is exerted on it in the ambulatory patient. 

The segment of vein is then removed, and it is used for bacteriologic study. 
Before the wound is closed the patient is asked to cough a few times to catch, if 



Fig. 3. — A short transverse incision is made through the skin, the subcutaneous 
fat and, if necessary, the superficial fascia. When the vein is exposed, a few drops 
of procaine hydrochloride are injected around it. 



Fig. 4. — A curved artery forceps, carrying a number 1 chromic catgut ligature, 
is passed under the vein. The vein is lifted up, and another ligature is placed at 
least 1 inch proximal to the first one. The proximal ligature should be close to 
the saphenofemoral junction. 


necessary, additional bleeders. No sutures are placed in the subcutaneous fat, and 
the skin is closed with interrupted dermal sutures. The skin around the incision is 
now painted with a' mastic solution,^® and the gauze is stuck to the skin with the 
solution (fig. 5). In ambulatory patients who perspire freely, sweat and dirt 
cannot be kept away from the incision with the usual adhesive tape bandage. This 
solution, which one of us has used exclusively since 1914 in all aseptic operations, 
keeps the skin around the incision dry and protected. We strongly emphasize its 

13. Gum mastic, 40 Gm., benzene, 60 cc., castor oil, 20 drops; then add sufficient 
M. Sc. 184:57 (July) 1932. 
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Fig. 6. — The bleeding is accurately controlled. Interrupted dermal sutures 
approximate the edges of the skin. The skin around the line of suture is painted 
with a solution of mastic in benzene, and a layer of gauze is stuck to the skin, 
which produces a water-tight dressing. Elastic compression is applied on top, 

ANALYSIS OF MATERIAL 

Age, Sex and Previous Treatment . — This report is based on two 
hundred ambulatory vein ligations, performed on dispensary patients “ 

14. The operations were performed by Drs. Zimmermann, Jacques, Quillin and 
Quint, members of the Varicose Vein Clinic. 
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and in the private practice of the authors. The patients’ ages, classi- 
fied in decades, were as follows : 


Decades Number of Patients 

10-20 2 

20-30 30 

30-d0 69 

^0-50 58 

50-60 34 

60-70 5 

70-80 2 


200 

Ninety-five per cent of the patients were between 20 and 60 years 
of age, 1 per cent between 10 and 20 and 1 per cent between 70 and 80. 

There were ninety-four female and one hundred and six male 
patients, illustrating, as has been pointed out before, that at least in 
our material there is no feminine prevalence. 

As to occupation, all walks of life are represented, the majority 
of cases occurring in patients giving a history of long hours on their 
feet or hard manual labor in the upright position. 

The influence of heredity, studied in a previous report,® was again 
very striking. Particularly significant seems the observation that when- 
ever varicose veins are encountered in the young both parents were 
affected. 

The previous treatment of these patients was as follows : 

140 Had had no previous treatment 
3 -Had had surgical excisions (but no high ligation) 

8 Had worn Unna’s casts 
49 Had had injection treatment 

200 

Of the three surgical excisions, not one could be called radical, 
judging from the scars. The saphenous vein was not ligated below 
Poupart’s ligament, and short scars were present on the calf and thigh. 
In the eight cases in which Unna’s casts had been applied for varicose 
ulcers elsewhere, the patients were not progressing rapidly and there 
was a marked reflux of blood from above. Of greatest interest are the 
patients who had had injection treatment elsewhere or from us. It is 
this group that made us realize that the number of recurrences, 
reported elsewdiere as 10 per cent, should be reduced by ligation. These 
patients fall into two groups: one in wliich obliteration was never 
accomplished (in one case as high as fift}- injections were given) and 
another in which early recanalization took place. In the private prac- 
tice of one of us, ligations in patients who had previously been given 
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injections became necessary seven times because of repeated recurrences. 
Since the ligations, recanalization has not occurred in this group. 

The postoperative disability was estimated as follows (all patients 
were told to take one da)'’ off following the operation) : 


Number of Patients Disability 

161 None 

22 1 day 

8 2 days 

3 3 days 

3 4 days 

1 8 days 

1 9 days 


199 

An analysis of patients who were disabled for more than two days 
will be made in the section on complications. 

Complications . — One patient had a hemorrhage owing to the slipping 
of the proximal ligature. She was taken to a hospital, where the hemor- 
rhage was controlled. The patient made an uneventful recovery. In 
one patient a hematoma developed, which produced a serous discharge 
for nine da3's and then healed up completely. In one patient a wound 
infection developed on the fourth day; the abscess was opened. The 
patient was not hospitalized, and the wound healed, in eleven days. 

One patient died of streptococcic septicemia. A wound infection 
developed in this patient, which was obvious on the fourth day, but for 
various reasons the patient could be hospitalized only on the tenth day, 
when he was admitted with a generalized streptococcic septicemia. 
Death occurred as a result of the infection. At autopsy no thrombosis 
of the proximal saphenous stump or of the femoral vein was found. 
Death occurred because of a surgical infection, which was localized 
but because of improper after-care resulted in a generalized infection. 

One patient, whose case was reported in our previous series,, had a 
slight procaine hydrochloride reaction during the operation owing to 
an intravenous injection of the drug. The toxic symptoms disappeared 
within a few minutes. 

A tabulation of complications shows the following: 


Procaine hydrochloride reaction 1 

Hematoma 1 

Postoperative hemorrhage 1 

Wound infection 1 

Death from septicemia 1 


We believe that all of these complications are preventable, at least 
to a minimum. They have not occurred in our private work. The 
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procaine liydrocliloriclc rcaclinns will not be encountered if frequent, 
careful aspirations are made for blood before tbe drug is injected, 
lleniatonias can be reduced to a minimum if all tributaries are care- 
fully tied, if the patient is aslced to cough or strain before closing tbe 
wound and if a light pressure bandage is applied. Slipping of the 
proximal ligature occurred once; since that time, a double ligature has 
been placed on the proximal slump. Care must be exercised to leave a 
large enough segment of the vein distal to the ligature. The one death 
from septicemia was due to an initial surgical infection, which unfortu- 
nately still occurs in any large grouj) of aseptic operations. It is probably 
unavoidable at tbe present lime, although all operations were carried 
out under strict aseptic precautions, with masked head, nose and 
mouth. The measures that should he carried out, however, in all cases 
showing infection consist in immediate hospitalization, immobilization 
and hot wet dressings, with incisions when necessary. 

Secondary infection from the skin in these ambulatory patients is 
also a possibility. We strongly emphasize the use of the glue, the 
mastic solution, which forms a watertight contact between the skin and 
dressing and prevents perspiration. 

Thrombosis Following Vein Ligation . — Of the two hundred patients, 
sixty-five, an incidence of 32.5 per cent, showed a massive thrombosis 
distal to the ligature. Of this group, forty, that is, 20 per cent of the 
original two hundred, showed complete obliteration, which did not neces- 
sitate further injections. It seems obvious that it is in this group of 
patients who are cured after Trendelenburg’s vein ligation, although 
none of the older statistics bring out this point, that the patients who 
have a distal thrombosis following the operation are the ones who 
remain cured. It is because of the comparatively frequent occurrence 
of distal thrombosis that we do not advocate injections at the time of 
ligation, as they may not be necessary or they may even activate a 
resting infection.^” 

The thrombosis following ligation may be purely static and aseptic, 
occurring in the form of a narrow, firm cord, with no inflammatory 
reaction around it, but more frequently it is accompanied by a massive ■ 
periphlebitic exudate, which is hot and tender on pressure but does not 
lead to an elevation of temperature. Of the eight patients who were 
disabled more than two days, five belonged to this group. If the patients 
are given proper elastic support in the form of Unna’s paste boot or an 
elastic adhesive bandage, they are comfortable. They should not be 
put to bed, but should be encouraged to be up and around, as we think 
that the ambulatory ligation is our real safeguard against embolism. 

15. de Takats, Geza : The “Resting Infection” in Varicose Veins, Am. J. 
M. Sc. 184:57 (July) 1932. 
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The thrombosis in the proximal stump is, ot course, of even greater 
interest and has been carefully looked for in every case. The idea of 
some surgeons, that every vein ligation results in a massive clot proximal 
to the ligature, cannot be substantiated. If the vein is occluded with a 
ligature without first crushing it with artery forceps, the endothelial 
damage is small and nothing but a microscopic clot results. The classic 
experiment of Baumgarten, who showed that blood did not have to 
clot in the vein between two ligatures, should be recalled. If one could 
not tie a vein without the danger of embolism, surgeons would have to 
cease to operate entirely. 

Of the two hundred vein ligations, there was a palpable clot in the 
proximal stump in eighteen (9 per cent). Occasionally a large varix 
at the level of Poupart’s ligament, obviously above the saphenofemoral 
junction, would diminish in size or disappear. We have become more 
and more impressed with the facts, which have already been stressed by 
Margrit Hanselmann in an inaugural dissertation, that the longer the 
proximal stump, the more apt is the proximal clot to appear, and that 
ligation close to the saphenofemoral junction is the best measure to 
avoid large clots in the proximal stump. Thus, aside from the ambula- 
tory operations, the shortness of the stump is another safeguard against 
massive embolism. 

Of the eighteen patients showing a proximal thrombosis, all but 
three had a distal thrombosis, which is suggestive of an increased 
endothelial reactivity of the patients. According to Dietrich, one of 
the foremost pathologists, the increased susceptibility of the endothelial 
lining is an important factor in thrombus formation.^" 

Whether it is possible to predict the occurrence of a distal or proxi- 
mal thrombosis following vein ligation is an open question. Elsewhere 
one of us described simple methods of detecting resting infection pre- 
vious to injection treatment.^® The same procedures, namely, provoca- 
tive vein puncture, diathermy or roentgen exposure, can be used fo 
diagnose a latent infection -or an increased susceptibility of the vein. 
However, such “flare ups” are much less frequent following ligation 
than after injections, because a ligature is much less irritating to the 
vein than an injection. 

The occurrence of a proximal clot in 9 per cent of our cases makes 
one wonder wh}’’ injections at high points would not be equally satis- 
factory so long as the ligature also produces a fairly large clot. We 

16. Hanselmann, Margrit; Postoperative Thrombose und Embolie und ihre 
Prophylaxe, Inaug. Diss., Zurich, 1926. 

17. Dietrich, A., and Schroder, K. : Abstimmung des Gefassendo^thels als 
Grundlagc dcr Thrombenbildung, Virchows .Arch. f. path. .Anat. 274:425, 1930. 
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have stated our standpoint in discussing the indications for ligation. 
The small aseptic clot, the permanent interruption of the venous channel 
with no chance of recanalization and the possibility of going up within 
an inch or less of the saphcnofcmoral junction and catching all branches 
not only make the operation safer, but also give a better prognosis so 
far as the end-results arc concerned. The statement that the irritative 
thrombus is safer than the aseptic ligature thrombus because the former 
is more firmly attached holds only in cases in which the irritative 
thrombus is aseptic. Since, however, we have shown in our clinic that 
of fift 3 '-eight clinical!}' uninfected veins more than half gave a positive 
bacteriologic culture, we hesitate with injections for fear of a progres- 
sive thromliosis with inflammatory reaction. That the ligature can be 
safely applied under such conditions is best shown in patients whose 
veins have been tied during an acute ascending phlebitis with no reac- 
tion in either stump. The course of the five patients whose saphenous 
veins were tied during an acute attack of ascending superficial phlebitis 
was so satisfactory that such a procedure must always be considered, 
without prolonged immobilization. 

Results of Vein Ligation . — In the present material a distinction 
must be made between the dispensary material (one hundred and thirty- 
five cases) and our private material. Both groups serve to elucidate 
important points. 

The dispensary material contains eighteen patients who had pre- 
viously been given injections elsewhere or by clinicians in our group, 
with no results. In these cases a total of two hundred and one treat- 
ments have been given with no obliteration, whereas following ligation 
the patients were discharged as cured after a total of fifty-seven treat- 
ments. The cases show such a striking effect of this operation on the 
right type of patients that we have tabulated the results individually 
(see the accompanying table). Patients 8 and 13 had partial excisions 
with stripping of the vein, but no high saphenous ligation. The veins 
were obliterated in six cases, eight injections being given following 
ligation. Patient 16 was treated with “many injections” elsewhere, so 
that the number of treatments is not included in the treatments pre- 
ceding ligation. 

We had originally hoped to present exact follow-up statistics of 
the entire material of two hundred cases. This was only possible of 
approximately one third of the dispensary material, although a real 
effort has been made by our social service department to have the 
patients appear for reexamination. In the private work of one of 
us it has been possible to secure exact data in 91 per cent of the 
cases in which operations were performed. The patients came in every 
three months for the first year, every six months the second year and 



86 


ARCHIVES OF SURGERY 


then once a year for the next three years. The first ambulatory vein 
ligation was performed in 1927 ; the first patient was under observation 
for four years. 

As the dispensary material could not be adequately controlled for 
follow-up purposes, we shall limit ourselves to a discussion of the private 
cases, of which sixty exact records are available. 

Of the sixty patients, in five a dilatation developed above the ligature. 
Four of these patients were operated on in 1927 or 1928, when ligatures 
were placed at the midthigh. Since then we have learned to insist on 
a high ligation at the saphenofemoral junction. One patient who had 
had a bilateral high ligation returned with a large dilatation at Poupart’s 
ligament just above the scar, but only on the right side. The only 


Results of Vein Ligation Following Unsuccessful Injections 



Number of 

Number of 


tinsuccesaful 

Treatments After 

Patient 

Treatments 

I/igation 

1 

20 

fl 

2 

2 

1 

S 

2 

6 

4 

10 

0 

5 

5 

3 

6 

6 

2 

7 

14 

1 

S 

Vein stripping 

0 

9 

11 

6 

10 

24 

1 

11 

23 

4 

12 

2 

4 

13 

Vein stripped 

9 

14 

7 

2 

15 

50 

0 

10 

“Many injections 

” 0 

17 

20 

0 

IS 

5 

7 


Pollovr-Up Notes* * 

Complete obl/terotfon 
Complete obliteration 
No recurrence in 6 months 
Total thrombosis 

E.tcellent results; seen after a year 
Complete obliteration 
Excellent result 
Complete collapse 
No record 

Complete obliteration 
No recurrence in 4 months 
Complete obliteration; ulcers healed 
Complete obliteration 

Complete thrombosis 
Complete obliteration 
Complete obliteration 
Complete obliteration 


201 St 


* The notes were made at least three months after operation. The patients were ashed to 
return every three months for a year. 


possible explanation was that this patient’s femoral valve was deficient 
or absent, which fact tvas corroborated by the unusually strong impulse 
in this vein following coughing or straining. At reoperation a large, 
thin-walled, saccular dilatation was found between the proximal ligature 
and the saphenofemoral junction. This was completely excised, the 
new ligature being placed at the saphenofemoral junction. The exposed 
femoral vein showed such marked fluctuations to inspiration, coughing 
or sneezing that the diagnosis of the absence or incompetence of the 
femoral valve was certain. The significance of this anomaly must be 
investigated in other cases. 

Recurrences caused by a marked reflux through incompetent per- 
forating veins occurred only in two of the sixty patients (3 per cent). 
We have previously stated ® that patients with large incompetent com- 
munications between the deep and superficial veins must have a radical 
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excision. Quite recently we liavc tried to ligate the incompetent per- 
forating branches at the time the high saphenous ligation was done,, 
but we cannot report any end-results at this time. 

A suumrary of the recurrences following vein ligation combined with 
injections in sixty private cases is as follows : 

Dilatations proximal to the ligature (4 low ligations, 1 incompetent 


femoral valve) 5 

Dilatations distal to the ligation (incompetent perforating veins) 2 


7 

The final analysis of these recurrences indicates that high ligations 
should be done in every case, and that either the incompetent perforat- 
ing veins should be ligated or a radical excision should be made. When 
one considers, furthermore, that patients who are submitted to vein 
ligation suffer from the most extensive and progressive type of varicose 
veins, the end-results show that the combination of vein ligation with 
injections offers in the suitable type of patient the best chances for 
permanent results. 

Embolism FoIIozving Vein Ligation . — In the two hundred cases of 
ambulatory vein ligation we have not encountered any case of pulmonary 
embolism or ascending deep thrombosis. One cannot state that the 
operation is entirely free from this risk, because no operation is. We 
do believe, however, that two factors, namely, the ambulatory manage- 
ment and the shortness of the proximal stump, are important in the pre- 
vention of embolism. The classic description of ligation of the saphen- 
ous vein, which called for splinting and three weeks’ immobilization in 
bed, showed the alarming percentage of 0.7 per cent of fatal pul- 
monary embolisms. When statistics will be available of at least one 
thousand ambulatory vein ligations, some statement may be made as 
to the frequency of this complication. We have good reason to believe, 
though, that they will compare favorably with minor ambulatory opera- 
tions in this respect. 

CONCLUSIONS 

On the basis of two hundred ambulatory vein ligations combined 
with the injection treatment for varicose veins, we think that this pro- 
cedure has a definite place in the treatment for this condition. The 
high saphenous ligation protects the treated veins from fluctuations 

18. These recurrences indicate that when ligation of the saphenous vein com- 
bined with injections was done with proper indications and proper technic a recur- 
rence was found in one of sixty cases (0.6 per cent) . This one recurrence was due 
to an incompetent femoral valve, a condition that we have overlooked entirely up 
to the present time. 
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of abdominal pressure and hydrostatic pressure, thus preventing canali- 
zation of the thrombi. It also reduces the necessary number of injec- 
tions and places the occluding ligature close to the saphenofemoral 
junction. By insisting on a short proximal stump and on ambulatory 
management, we can report no embolism in the entire series. The 
complications reported in this series all seem avoidable with growing 
experience. The end-results of the operation combined with injections 
show a far smaller percentage of recurrences than those obtained with 
any other procedure in the treatment for varicose veins. 

122 South Michigan Avenue. 



AVERTIN AS AN ANESTHETIC FOR GENERAL 

SURGERY 


HENRY K. RANSOM, M.D. 

AKX AUllOIt, MICH. 

In order to determine the worth as well as the limitations and 
dangers of the various new anesthetic agents, it is desirable that reports 
of many cases from different clinics be made. With this in view I have 
undertaken a critical analysis of the cases in which avertin was used 
either as the anesthetic or for basal narcosis supplemented with some 
form of inhalation anesthesia in the surgical clinic of the University 
of Michigan Hospital. This statistical survey covers the period from 
November, 1929 (when avertin was first adopted in this clinic), to 
January, 1932, and comprises 430 cases. Operations done in the divi- 
sions of genito-urinary and orthopedic surgery in which avertin was 
employed are included, but the cases in the neurosurgical field have 
been reserved for a separate report. While avertin was not used as a 
routine measure for any particular type of work, it was employed rather 
extensively in abdominal operations and also in operations performed 
on the face or about the mouth. In all of these cases considerable 
discretion was exercised in the selection of the patients. Ordinarily 
cachectic or very elderly persons as well as those greatly debilitated 
from chronic disease were excluded. In such patients the risk of pul- 
monary complications arising from a prolonged postoperative period of 
somnolence seemed to be unwarranted, and for them another anesthetic 
was usually selected. 

AGE AND SEX 

The age according to decades and the sex incidence of the 430 cases 
are shown in table 1. The preponderance of men over women is of no 
significance as it simply reflects the fact that in this clinic there are more 
male than female surgical patients. While avertin was used fairly often 
for children, the instance of the patient 83 j^ears old was an excep- 
tional one. The average age of 36.2 years is an interesting figure, since 
it shows that fairly young and reasonabl}^ sound patients made up the 
majority of the group. 


From the Department of Surgery, Universitj- of Michigan. 
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DOSAGE 

The dose in milligrams was in all instances calculated according to 
body weight. Table 2 shows the doses expressed in milligrams per 
kilogram which were emplo 3 '’ed. It will be noted that 110 mg. per kilo- 
gram was almost our standard dose. This was occasionally increased 
in some exceptional circumstances, and likewise on some occasions it 
was reduced. A dose of 110 mg. per kilogram has seemed to be satis- 
factory and safe, whereas at no time has it been my aim through either 


Table 1. — Ac;e and Sex Incidence 


Age by Decades 


1-9 9 

10-19 69 

20-29 77 

30-39 107 

40-49 69 

50-59 59 

60-69 32 

70-79 6 

80-89 2 

Total 430 

Youngest patient 4 

Oldest patient 83 

Average age 30.2 years 


Sex 

Males 232=53.9% 

Females 398=40.3% 


Table 2. — Dose of Avertin 


Mg. per Kg. Number Oases Per Cent 

130 9 2.08 

125 3 0.78 

120 24 5.47 

115 12 2.86 

no 344 79.96 

100 25 5.73 

60 . . 4 1.04 

so!!!'.”;!;!'. !!! ! s i-ss 

50 1 0.20 

Total 430 300 


the use of excessive doses of avertin or the use of heavy preoperative 
medication to produce complete surgical anesthesia without some form 
of reinforcement. The addition of a supplemental anesthetic such as 
nitrous oxide and oxi'gen or ether is without question a safer method. 
While 110 mg. per kilogram is a somewhat larger dose than that used 
by many surgeons, it has not seemed objectionable in my hands. When 
the smaller doses were employed, the results were considcrnhly less 
satisfactorjL With regard to children, my experience has been in accord 
with that of others, i. e.. that they are more tolerant to avertin than 
adults, and even with doses of 110 mg. per kilogram, supplementary 
anesthesia was required in every case. 
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ADMINISTRATION 

Almost as a routine ijroccdurc the i)atients were narcotized in their 
own heds in the ward or private room. The general standard technic of 
administration recommended h}’ the makers of the drug was followed. 
Cleansing enemas were given in the evening before the day of operation 
but ordinarily not on the operative day. Occasionally a mild sedative 
was given on that same evening. Most of the patients received some 
form of preoperative medication. This consisted for the most part of 
morphine sulphate, from % to grain (11 to 16 mg.), or a mixture 
of opium alkaloids hydrochlorides, grain (22 mg.). Atropine was 
usually omitted, while rarely hyosine, from to ^oo grain (0.4 to 
0.6 mg.), was used in conjunction with morphine. The calculated 
quantity, ranging appro.ximatcly from 175 to 300 cc. of the 3 per cent 
solution of avertin which had previously been prepared by an expert 
pharmacist and kept at a temperature of 40 C., was administered by a 
nurse anesthetist. The fluid was introduced into the rectum through 
an ordinar}' male catheter with funnel attached and was allowed to 
flow in slowly by force of gravity. The ease of the induction and the 
absence of an excitement stage or struggling were noteworthy. The 
induced sleep seemed to resemble natural sleep more closely that that 
brought about by any other artificial means. The color of the patient 
was usually good, and there was an absence of marked sweating. 
Cyanosis was rarely noted. In from fifteen to thirty minutes the full 
depth of the narcosis was reached, and at or slightly before this time 
the patient was transported to the operating room. The transfer’ to the 
operating table, the preparation of the skin and the arrangement of 
drapings were carried out as usual. If cutaneous stimuli provoked a 
reflex response, a supplemental inhalation anesthetic was started at once. 
Otherwise, the operation was started and reinforcement resorted to 
when and if it became necessary. 

TYPES OF OPERATION 

The various operations that were performed are shown conveniently 
grouped in table 3. It will be noted that considerable use was made of 
avertin in operations about the head or in the mouth as well as in the 
various abdominal operations. In the former type of operation, where 
gas masks or ether cones are apt to encroach on the operative field and 
so hamper the operator, an anesthetic substance that can be introduced 
into the circulation by way of the rectum has outstanding advantages. 
In the laparotomy group avertin gave important assistance in bringing 
about the requisite degree of muscular relaxation. The second column 
of figures in the table is of interest. It designates the number of cases 
in which no supplemental anesthetic was required and shows that this 
was chiefly in operations which did not involve opening the peritoneal 
cavity. It is of some interest that onl}'- 5, i. e.. 12.5 per cent, of the 
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goiter operations (which ordinarily can be done under comparatively 
light anesthesia) were completed with avertin unassisted. This seems 
to bear out the observation that hyperthyroidism produces a greater 
tolerance to avertin, while conversely hypothyroidism is said to render 
a patient less toleiant and in such cases the dose should be correspond- 
ingly reduced. In keeping with this it was also frequently found that 
in using nitrous oxide and oxygen with avertin the ratio of the gases 
had to be kept at approximately the same level as in the cases in which 
no avertin was used. 


Table 3. — Operations under Avertin 


Tj’pe of Operation 

Pace and mouth 

Hernia (all varieties) 

Kidney and ureter 

Gallbladder and biliary tract 

Thyroideetomy 

Appendectomy 

Plastic 

Exploratory laparotomy 

Bone and joint 

Resection cervical glands 

Breast 

Miscellaneous 

Gastric resection 

Gastro-entcrostomy 

Lumbar sympathectomy 

Bladder and urethra 

Colostomy 

Amputation (thigh or leg) 

Cholecystogastrostomy 

Esophageal diverticulectomy . 

Duodenum 

Pericardiotomy 

Gastrostomy 

Splenectomy 

Lobectomy (pulmonary) 

Gastrocolic fistula 


Number Performed 
with Avertin 
Total Number Unassisted 


es 

54 

47 

44 

40 

36 

21 

20 

19 

18 

10 

9 

9 

7 

6 

5 

4 

3 

2 

1 

2 

1 

1 

1 

1 

1 


40 

11 

10 

7 

5 

14 

5 

4 

5 

6 

4 

5 
4 
0 
1 
0 
2 
1 
2 
1 
1 
1 
1 
0 
0 
0 


430 


130 


SUPPLEMENTARY ANESTHESIA 

Table 4 indicates the number of the cases in which supplemental 
inhalation anesthesia was necessary. As will be noted, nitrous oxide 
and oxygen was the supplemental anesthetic of choice and was used 
in the great majority of cases. In 33 cases this alone was not suffi- 
cient, and a moderate quantity of ether vapor was given through the 
McKesson machine. The 21 cases in which ether alone was 'used for 
reinforcement call for some comment. These cases were of two types : 
The first group involved operations done inside of the mouth where 
anesthetic apparatus was objectionable. In these cases the avertin was 
supplemented at intervals with ether given through the ether vapor 
apparatus. The other group was composed of very major abdominal 
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procedures in which most complete muscular relaxation was necessary, 
such as lumbar sympathectomy and operations on the biliary tract or 
deep in the pelvis in muscular i)ersons. A synergistic effect Ijetween 
avertin and ether was noted, and in man}' eases the ether was necessary 
only during the preliminary exploration of tlie abdominal cavity and 
the packing off process, and could be discontinued during the remainder 
of the operation with possibly a small quantity again for closure of the 
peritoneum. Thus the total quantity of ether would range from only 
1/2 to 2 ounces in many of the cases, with nevertheless a high degree of 
muscular relaxation. When nitrous oxide with oxygen was the supple- 


Tadle 4. — Supplementary Anesthesia 



Number Cases 

Per Cent 

None 


30.23 

Gas 

2J0 

57.21 

Ether 

21 

4.88 

Gas and ether vapor 

33 

7.68 


430 

100 


Good 

SatlsiQctory 

Fair 

Excellent.... 
Very good. . 
Poor 


Table 5. — Evaluation of the Anesthetic 


Number 

Per Cent 

235 

54.64 

64 

14.95 

48 

11.03 

42 

9.79 

25 

5.93 

16 

3.61 

430 

100 


mental anesthetic, the percentage of oxygen in the mixture could usually 
be considerably increased. The average ratio of the gases used for this 
entire group was 82:18 which, of course, means that the percentage of 
oxygen is practically double the amount possible when used with nitrous 
oxide alone. Oftentimes the percentage of the oxygen in the mixture 
was considerably higher than this, starting with a 90: 10 ratio of the 
gases and tapering off to perhaps a 50:50 ratio at the conclusion of 
the operation. 

EVALUATION OF THE ANESTHETIC 

In table 5 an attempt has been made to evaluate the quality of the 
anesthesia. At the conclusion of each operation the operating surgeon 
was requested to state his opinion of the anesthetic for that particular 
case. The opinions expressed show that in about 86 per cent of the 
cases the anesthesia was entirely satisfactory, while in slightly less than 
14 per cent it was thought to he only fair or poor. 
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BLOOD PRESSURE CHANGES DURING AVERTIN ANESTHESIA 

In the entire number of cases, careful recordings were made of 
variations in blood pressure, both systolic and diastolic, as well as 
changes in the pulse and respiration during the course of the operation. 
In each case a basal blood pressure reading was taken before the admin- 
istration of the avertin. There was considerable variation in this initial 
pressure among the different patients, the highest systolic reading being 
210 mm. of mercury and the lowest 72, with an average systolic pressure 
of 120. Of the diastolic recordings, the highest that was noted was 
140 and the lowest 20, with an average diastolic pressure of 72. After 
the administration of the avertin it was ordinarily noticed that there 
was a moderate decline in pressure during the first fifteen or twenty 
minutes; the pressure then gradually rose again, and at the conclusion 
of the operation -was approximately at the preoperative level. In most 

Table 6. — Stimulants During Operation 


Stimulants 

Number 

Per Cent 

None,. f 


83.17 

Caffeine 


11.00 

Ephedrine 

9 

2.09 

;Both 


3.14 


430 

100 

Intravenous dextrose 


1 

Blood transfusion 


5 


cases this preliminary drop in blood pressure was not sufficient to cause 
concern, and there were no attendant objectionable symptoms such as 
cyanosis or marked changes in the pulse. In case the drop in pressure 
was extraoi'dinary or tended to be prolonged, it was found that this 
could be satisfactorily counteracted by the use of ephedrine or epi- 
nephrine. In general, it seemed that the administration of some inhalant, 
such as ether, nitrous oxide or carbon dioxide, aided considerably in 
bringing up a lowered blood pressure. Table 6 shows the incidence of 
the use of the various stimulants during the course of the operation. 
The cases noted in which intravenous dextrose or blood transfusion 
was required were cases in which the nature of the operation made these 
expedients necessary, and it was through no possible fault of the anes- 
thetic that they were required. Likewise, the rather large number of 
cases in which caffeine was given is not a true index of the actual neces- 
sity for stimulation consequent on the anesthetic. It was more or less 
customary at the conclusion of the operation, if the patient was still 
profoundly narcotized, to administer an ampule of caffeine m order 
to shorten somewhat the postoperative reaction time. On the whole, 
my experience would not tend to show that the fall in blood pressure 



RANSOM— Al'ERTIS’ IN GUN URAL SURGLR) 


95 


f:<3m the use of avert in was highly ohjcctional)lc, and it certainly does 
not seem coinparahlc either in magnitude or as a cause for alarm with 
the changes in blood ])rcssurc that occur during the use of spinal anes- 
thesia. After the administration of the avertin, blood pressure readings 
were taken at ten minute intervals during the course of the operation. 
As stated before, the maximum fall in pressure usually occurred from 
ten to thirty minutes after the introduction of the avertin, and these 
changes may be summarized as follows: Of the 430 cases followed, 
in 17, or 4 per cent, there was no initial change in systolic blood pressure. 
In 357 cases, or S3 per cent, there was a decline in systolic pressure, and 
in 56 cases, or 13 per cent, there wag an actual initial rise in pressure. 
In the cases showing a decline in systolic pressure the average deci'ease 
amounted to — 2S mm. of mercurj^ or a drop of 23 per cent, while 


7 . — Changes in Blood Pressure 





Average 


Total 


Xumber 

Per 

Amount, 

Per 

Average, 

Per 


Cases 

Cent 

Mm. Hg. 

Cent 

Mm. Hg. 

Cent 

r No ctiango 

17 

4 


.... 1 




' Initial -I Increase... 

OG 

13 

+28 

+23 

—20 

—17 


1 Decrease.. 

357 

83 

—28 

—23 J 



Systolic 









1 f No change 

39 

9 


.... 1 




I Final 1 Increase... 

103 

38 

+ ’2 

+ 1.7 

— 5 

— 4 

t Decrease.. 

228 

53 

— 2 

-I.7J 



I No change 

31 

8 





1 

Initial I Increase... 

91 

21 

+i7 

+24 

—10 

—14 


1 Decrease.. 

305 

81 

—19 

-27 . 



Diastolic \ 









1 No change 

03 

15 

...» 


1 



, Final i Increase... 

189 

44 

-fl5 

+2i 

+ 0.3 

+ 0.4 

1. Decrease.. 

170 

41 

—15 

—21 

1 



those showing a rise in systolic pressure showed an average increase 
of -\~ 28 mm. of mercury, or a rise of 23 per cent. The total average 
initial systolic change amounted to — 20 mm. of mercury, or a drop 
of 17 per cent. Regarding the initial change in diastolic pressure, of 
the 430 cases there was no initial change in 34, or 8 per cent. In 305 
cases, or 71 per cent, there was a decrease in pressure and in 91, or 
21 per cent there was an increase. The amount of these changes is as 
follows : The average decrease for the 305 cases was — 19 mm. of 
mercury or a 27 per cent fall, while the average increase in the 91 
cases showing an initial rise was -f- 17 mm. of mercury, or a 24 per 
cent increase. This gave a total average initial change of — 10 mm. of 
mercury or a fall of 14 per cent. At the conclusion of the operation 
the following changes in pressure were noted : Of the 430 cases, the 
systolic pressure was at the preoperative level in 39, or 9 per cent. In 
228, or 53 per cent, it was still below the preoperative level, while in 
163 cases, or 38 per cent, it was above the basal reading. Of the cases 
in which there was a final decrease in systolic pressure, the average 
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amounted to — 2 mm. of mercury, or 1.7 per cent. Of those show- 
ing an increase, tlie ai'erag-c increase ^ras + 2 mm. of mercury, or 1.7 
per cent, while the total average systolic change was — 5 mm. of mer- 
cury, or a 4 per cent drop. Final diastolic changes were as follows : Of 
the 430 cases, 65, or IS per cent, showed no change; 176 cases, or 41 
per cent, showed a decline and 189 cases, or 44 per cent, showed an 
increase. Of those showing a decrease, the average decline was — 15 
mm. of mercury, or 21 per cent, while the average increase in those 
showing a rise was -f- 15 mm. of mercury, or 21 per cent, and the total 
average diastolic change was negligible. Table 7 summarizes these 
changes in blood pressure. 

CHANGES IN PULSE AND RESPIRATION 

Changes in the pulse rate following the administration of avertin 
were also studied. Of the 430 cases, 30, or 7 per cent, showed no 

Table S. — Changes in Pulse and Respiration 


Niimbcr 

Cases 


f Increase 202 

Pulse ■( Decrease ISS 

i No change SO 

f Increase SOS 

Respiration j Decrease CO 

I, No cBangc C5 



Arerago Number 

Total 

Per Cent 

Beats 

Average 

Cl 

+10 ■ 



32 

7 

—10 

.... j 


+7 

71* 

+ C 1 

1 


14 

-4 

1 

+6 

IS 

.... J 




change in pulse rate after the administration; 138 cases, or 32 per cent, 
showed a decrease in the pulse rate, while 262, or 61 per cent, showed 
an increase. The average increase in those showing an elevation in 
pulse rate was -f- 19. The avei'age decrease in those showing a drop 
was — 16, while the total average pulse change was + 7. The changes 
in respirations were ; Three hundred and fii^e cases, 71 per cent, showed 
an increase in the respiratory rate; 60 cases, 14 per cent, showed a 
decrease in the respiratory rate, while 65, 15 per cent, showed no 
change. The average increase in the respiratory rate of those showing 
a rise was + 9, and the average decrease in those showing a decline 
— 4. The total average change in respiratorjr rate was -J-d. 

NAUSEA AND VOMITING 

The incidence of postoperative nausea and vomiting is of interest. 
In 267 cases, or 62 per cent, nausea and vomiting were entirely 
absent. In 163 cases, or 38 per cent, there were some nausea and 
vomiting after operation. For the most part these were very transient 
and ordinarily could be ascribed to the operation itself rather than to 
the anesthetic, and in none of the cases were nausea and vomiting 
greatly prolonged, as one occasionally sees after deep ether narcosis. 



RAXSOM—.irnRTIN IX GEKILRAL SURGERY 


97 


lU'. ACTION T1MI-; 

Of particular interest was the time required for reaction. Table 9 
shows in a statistical way the time interval between the conclusion of 
the ojieration and the time when reaction took i^lace. It will be noted 
that in a small ,qroup of 10 cases the jjatients reacted immediately 
after the operation, while approximately 23 per cent of the patients 
reacted in less than one hour. The larijcst grou]5 was composed of 204 
patients, or 47 per cent of the total number. These patients reacted 
between one and tbree hours, whereas the next largest group reacted 
between three and six hours, and a comparative!)' small number required 
more than six hours for reaction. The longest reaction time recorded 
was eighteen hours, and the second longest period fifteen hours. Further 
mention of the two patients who died without reacting will be made 

T.ini.E 9. — Reaction Time 


Tiino 

Immediate 

2 to IS min 

15 min. to 1 hr 

Number 

10 

4i 

204 

Per Cent 

2.4S 

10.25 

10.50 

47.62 


104 

24.22 

0 to 12 hr 

10 

3.73 

Over 12 hr 

5 

1.24 


42S 

100 

Died without reacting 

0 



430 



Average reaction time— lir. 


later. The average reaction time as computed for all of the cases 
amounted to two and one-half houTs. At the present time, I am trying 
the effect of withdrawal of the residual avertin solution from the rectum 
at the conclusion of the operation. Following this, a rectal instillation of 
oil is given. While no definite data are as yet available on the results, 
there is some evidence to show that the reaction time can be further 
shortened in this manner. After reacting, the patients were ordinarily 
drowsy for several hours longer but could be readily awakened for 
the administration of fluids. In our opinion, there was no increase 
in the necessity for postoperative catheterizations. A striking and 
advantageous feature was the subsequent amnesia for this postoperative 
period. 

POSTOPERATIVE COMPLICATIONS 

A complete tabulation of all complications arising during convales- 
cence was made. Table 10 lists the major nonfatal complications which 
were found and also the time of their appearance. Of especial interest 
in this connection is the group of cases in which postoperative pul- 
monary complications developed which might be attributed to the 
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anesthetic. On the assumption that such complications will make their 
appearance within five da 3 ’s after operation, the cases in which there 
were pulmonaiy complications that might be charged to avertin are 
marked with an asterisk. The first 4 cases in the table fall into this 
categoiy. The}' consisted of 2 cases of bronchitis, 1 of pleurisy and 1 
of bronchopneumonia. All of the patients recovered under the usual 
tretltment. Case 257443, in which a nephrectomy was done for renal 
tuberculosis, was that of a patient with other associated tuberculous 


Table 10. — Postoperalk'c CompUcalions 


Case 




Anesthetic 


Time of 
Development 
After 

Ao. 

Ago 

Sox 

Operatfon 

Combination 

Complications 

Operation 

2GG2GC* 

29 


Inguinal liornlotoiny 
and oreliidopcxj' 

110 mg. per Kg. 
and gas 

Pneumonia 

2nd day 

2G5910* 

50 

51 

Spinal fusion 

no mg. per Kg. 
alone 

Pleurisy 

2nd day 

27C7uO» 

43 

51 

Cliolceystoctonij' and 
appendectomy 

110 mg. per Kg. 
and gas 

Bronchitis 

4th day 

2G5S90* 

29 

P 

Cholecystectomy and 
appendectomy 

110 mg. per Kg. 
and ether 

Bronchitis 

3rd day 

250033 

40 

P 

Cholecystectomy and 
appendectomy 

110 mg. per Kg. 
and gas 

Pulmonary infarct 
or bronchopleurisy 
at base of 
right lung 

2 wk. 

2G177G 

37 

P 

Cholecystectomy 

no mg. per Kg. 
and ether 

Respiratory 

paralysis 

Immediately 

255423 

75 

51 

Colostomy for car- 
cinoma of rectum 

110 mg. per Kg. 
and gas 

Heart block 
(advanced 
myocarditis) 

2nd day 

257443* 

34 

P 

Nephrectomy for 
tuberculosis 

115 mg. per Eg. 
and gas 

Bronchopneu- 
monia? tuberculous 

2nd day 

2G9S56 

47 

M 

Cholecystogastrostomy 
for carcinoma 
of pancreas 

110 mg. per Kg. 
alone 

Pleurisy with 
effusion 

nth day 

27S8GG* 

33 

M 

Drainage of appendical 
abscess 

110 mg. per Kg. 
and gas 

Respiratory 

paralysis 

2nd day 

23S81S 

36 

51 

Abdominal 

sympathectomy 

130 mg. per Kg. 
alone 

Postoperative 
mania (psj’cno- 
genic) 

Por 2 wk. 


lesions, and the pneumonia, which developed on the second postopera- 
tive day, was thought possibly to be a tuberculous pneumonia. The 
acute condition cleared up promptl}', but the patient was placed on the 
usual regimen ordinarily prescribed for patients with pulmonary tuber- 
culosis. Case 270866 inust be included among the pulmonary com- 
plications. This patient, shortly after being returned to the ward 
following operation, had a temporary respiratory arrest, for no clear 
reason. Under appropriate treatment he was resuscitated, and the 
remainder of the convalescence was without event. In case 261776 
likewise, temporary paralysis occurred. Here, however, it was thought 
that this was due to a slip in the ward routine. The patient, who 
had had a preliminary dose of morphine and hyoscine before the 
administration of the avertin, was returned to the ward following 
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oi^ratioii in good condition Inti still dccpU' narcotized. On her return, 
through a niisuudcrslanding of orders, the nurse in charge at once 
adniinislercd J4 grain of morphine subcutaneously. Shortly after this 
there was a cessation of respiration, although the pulse remained 
practically normal. Artificial respiration was instituted at once, and 
after a period of about fifteen minutes normal respiration again took 
place, and there was nothing further to mar the convalescent period. 
This undoubtedly was due to an error in management, and it was felt 
that had the additional morphine not been given this complication could 
have been averted. 

In the entire series there was no evidence of rectal irritation or 
ulceration from the use of avertin in any case. Xo case was discovered 
in which there was bleeding or discharge from the rectum, and no 
symptoms such as rectal pain or discomfort were encountered following 
the use of avertin. This we attribute to the fact that great care was 
exercised in the preparation of the solution, as it seems to have been 
satisfactorilj' proved that the early cases in which such complications 
ensued were undoubtedly due to the fact that either decomposed prepa- 
rations or solutions of improper pn value were used. 

Likewise, there was no evidence that repeated administrations of 
the drug were attended with additional danger. Several instances 
occurred in the series in which avertin was used repeatedly without ill 
effect. One man in the course of a year had nine plastic operations, 
all done with avertin, and a woman with gallstones, who refused 
operation, received six full sized doses in a period of two weeks for the 
control of intolerable pain. 

DEATHS 

In the 430 cases, there were 22 deaths, or a mortality of 5.1 per 
cent. It can be readily seen from table 11 that in most instances the 
deaths were due to causes other than the anesthetic, and for the most 
part the fatal issue took place a considerable time after the operation 
was performed. The cases in which the anesthetic may have been or 
probably was a factor have been marked with an asterisk and might 
be mentioned individually. Case 272390 undoubtedly must be classi- 
fied as one of death due to avertin. This patient had a laparotomy for 
what proved to be an inoperable carcinoma of the stomach with 
abdominal carcinomatosis. The operation consisted of exploration 
only. He left the operating room in satisfactor}* condition but failed 
to react and died suddenly five hours later. Autopsy showed no positive 
cause for the sudden death. The most striking observation was a rather 
intense pulmonary edema. 

In case 263327 the patient was a frail little woman with an 
adenomatous goiter and a damaged m^mcardium. It will be noted that 
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the avcrtiii dosage was considerably decreased below the average dose 
used in the scries, and the patient awakened promptly at the con- 
clusion of the operation. However, bronchopneumonia developed, 
proved by roentgen examination, probabl}'^ on the basis of postoperative 
atelectasis, and this proved to be fatal in twenty-four hours. 

T.mjle 11. — Number of Deaths 
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In case 278395, ihe patient was an extremely emaciated man who 
had a cancer of the esophagus complicated by a trachco-csophagcal fistula. 
W'hilc his condition was desperate, a gastrostomy seemed to be clearly 
indicated. 'I'bis operation is ordinarily performed under local anesthesia, 
but in this jiarticular case avertin was chosen in order that a satisfactory 
examination of the trachea with biojis)’ might be carried out. This 
patient also failed to react from the avertin narcosis and died twenty- 
four hours later. An autopsj' was not obtained. 

In case 216624, the patient was a man with an extensive metastatic 
carcinoma of the cervical glands for which a radical resection was done. 
In the course of the operation it became necessary to ligate the internal 
carotid arter}' with the unfortunate consequence that a hemiplegia 
developed on the second postoperative day, and on the fifth day there 
was definite evidence of bronchopneumonia from which the patient 
died on the eighth day. 

In case 273841, the patient was a man with carcinoma of the right 
primar}'' bronchus. In doing a lobectoni}' of the upper and middle lobes, 
the main pulmonary artery was accidentally tied, which accounted 
for the gangrene of the lower lobe, which proved to be fatal on the 
second postoperative day. 

Considering these two tables together, there were 8 cases of post- 
operative pulmonary complications, for the occurrence of which the 
anesthetic probably played a part. This gives a percentage of 
postoperative pulmonary complications of 1.9 per cent. Of these post- 
operative pulmonary complications, there were 4 frank pneumonias, 
giving a percentage of 0.9 per cent for the entire series. Of the 
postoperative pneumonias, 2 were fatal, giving a percentage of 0.5 per 
cent for the entire series, and of 50 per cent for the postoperative 
pneumonias. 

SUMMARY 

The results from the use of avertin in this series of selected cases 
were on the whole highly satisfactory. The easy induction was one 
of the outstanding features and one that made avertin particularly 
agreeable to the patients. Avertin proved to be of especial value in 
operations on the head and face, in which many times it was possible 
to dispense completely with cumbersome apparatus such as gas masks or 
ether cones. Perhaps its sphere of greatest value was in abdominal 
surgery where, when combined with some supplemental anesthetic 
agent, it aided considerably in enhancing muscular relaxation. We are 
not prepared to advocate it as having any decided advantages in th 3 'roid 
surgery. While it is admirably suited to the “steal” type of operation, 
it has not seemed that the quality of the anestliesia in these cases was 
importantly better when avertin was emplo 3 'ed, and there are objections 
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both theoretical and actual to a prolonged period of somnolence after 
operation in this type of case. In sucli cases it seems particularly desir- 
able to avoid abolition of the cough renex, when mucus is apt to 
accumulate in the throat and attendant laiyngcal edema is often present. 

CONCLUSIONS 

1. A representative group of 430 surgical cases in which avertin 
was employed for anesthesia or basal narcosis has been analyzed. 

2. The quality of surgical anesthesia produced by avertin unas- 
sisted or supplemented by gas or ether in most cases is entirely satis- 
factory. The induction from the standpoint of the patient is probably 
less unpleasant than that attendant on any other form of anesthetic. 

3. In this series some form of supplemental anesthetic, such as 
nitrous oxide and oxygen or ether, was required in approximately 
70 per cent of the cases, the operation in the remaining 30 per cent being 
performed without reinforcement. 

4. While there was usually a preliminary fall in both systolic and 
diastolic blood pressure, this did not seem to be sufficient to cause 
alarm, and at the conclusion of the operation the pressure had prac- 
tically reached the preoperative level. Falls in blood pressure were 
satisfactorily combated with ephedrine or epinephrine. 

5. When nitrous oxide and oxygen were employed as a supplemental 
agent, the percentage of oxygen in the mixture could be increased 
to practically twice the amount possible when used with nitrous oxide 
alone. Likewise, if ether was used to supplement the avertin, the total 
quantity employed during the operation was considerably less than 
would have been required for straight ether anesthesia. 

6. The average reaction time was two and one-half hours. The 
majority of the patients reacted between one and three hours, while 
about 23 per cent reacted in less than one hour. 

7. Of the 22 operative deaths occurring in the series, only 4 seemed 
to have any definite relation to the type of anesthesia. In the entire 
series there were only 8 cases of postoperative pulmonary complications 
which seemed in any probability attributable to the avertin. Of these 
8 cases of postoperative pulmonary complications, 4 were of pneumonia, 
and of these 4 postoperative pneumonias, 2 were fatal. 

8. In order to avoid unnecessary dangers, it seems that considerable 
care should be exercised in selecting cases. If this is done, avertin, in 
my opinion, is not only a safe but an important addition to the anes- 
thetic armamentarium. 
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Throniboc 3 Topcnic purpura hemorrhagica is characterized clinically 
by pathologic hemorrhage, ranging from a massive loss in the acute 
form, usually with a rapid termination, to the milder form, lasting for 
years. The blood platelets or thrombocytes show marked reduction. 
Until recently, splenectomy in the fulminating form was considered 
contraindicated and futile. Killins,^ Reuben and Claman - and others, 
however, have reported recoveries from the acute form following 
splenectomy. 

The success of splenectomy in the majority of cases of the chronic 
form is conceded. A certain number of failures are reported, and these 
are difficult to explain. Gifhn and Holloway ® found no clinical or 
hematologic improvement in 4 of their 28 cases. Spence,^ out of 101 
cases abstracted, found IS per cent with a return of symptoms. 

The commonly accepted theory for the successful results after 
splenectomy regards the spleen as abnormally destructive to platelets, 
producing thromboc 3 topenia and its sequelae. The whole reticulo- 
endothelial system is diseased, and the spleen exerts the greatest 
destructive influence. Better results follow splenectomy performed on 
persons with the largest spleens and seem to corroborate this idea. 
Removal of the spleen usually is followed in a few hours by a marked 
rise in the blood platelets, and rarely is there postoperative bleeding. 
The great bulk of reticulo-endothelial tissue is represented by the spleen, 
and its extirpation usuall}' is adequate. Return of symptoms theoreti- 
cally should suggest increased activity or hyperplasia of the remaining 
reticulo-endothelial tissue. 

1. Killins, W. A.; Acute Thrombocytopenic Purpura Cured b 3 ' Splenectomy, 
J. A. M. A. 92:1832 (June 1) 1929. 

2. Reuben, M. D., and Claman, L. : Splenectomy in Acute Thrombocytopenic 
Purpura Hemorrhagica, Arch. Pediat. 45:84 (Feb.) 1928. 

3. Giffin, H. Z., and Holloway, J. K. : A Review of Twenty-Eight Cases of 
Purpura Hemorrhagica in Which Splenectomy Was ’ Performed, Am. J. M. Sc. 
170:186 (Aug.) 1925. 

4. Spence, A. W.; Results of Splenectomy for Purpura Hemorrhagica, Brit. 
J. Surg. 15:466 (Jan.) 1928. 
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That the return of symptoms is often due to an unnoticed accessory 
spleen is suggested by Morrison, Ledcrcr and Fradkin.® They described 
a patient whose spleen was removed, but in whom a small accessory 
spleen was allowed to remain. Jmprovement was immediate but tran- 
sient, and in a year the patient was bleeding again. They suggested 
Itypertrophy of the remaining accessory spleen as an explanation. They 
believe the relative frequency of supernumerary spleens, often situated 
in aberrant abdominal foci, can account for many unsatisfactory results. 
They enjoin a careful search for accessoiy splenic tissue during 
splenectomy. 

On the other hand, many patients show clinical improvement, with 
relief from hemorrhagic symptoms, and still fail to show satisfactory 
improvement in the hematologic findings. The platelets may remain 
low, the bleeding time prolonged, the tourniquet test positive and the 
blood clot nonrctractile and still the patient will show no spontaneous 
ecclymosis, oozing gums or other hemorrhage from the mucous 
membranes. 

DIFFERENTIAL DIAGNOSIS 

The differential diagnosis between purpura hemorrhagica and other 
blood dyscrasias when typical is comparatively sure, save in some fulmi- 
nating types. Aplastic anemia, in the bleeding stage, is characterized 
by extreme anemia, marked leukopenia and reduction of the granulo- 
cytes, Avith no splenomegaly. Acute leukemia, especially if in the aleu- 
kemic stage and without peripheral adenopath}'-, may present difficulties. 
There may be splenomegaly, but the differential count of the white cells 
will usually show immature lymphocytes and Fmphocytosis. In acute 
purpura hemorrhagica, the red count at the onset is not usually markedly 
reduced, anemia occurring in proportion to the loss of blood. The 
hemophilic person shows marked prolongation of the coagulation time 
and a normal bleeding time. 

ATYPICAL HEMORRHAGIC DISEASE 

Recent literature has been instructive in showing the many atypical 
cases of hemorrhagic disease that occur. Glanzman,® Rothman and 
Nixon,’’ Minot ® and others described a familial type of purpura hemor- 
rhagica without thrombocytopenia. A normal platelet count is associated 

5. Morrison, M. D.; Lederer, M., and Fradkin, W. Z.; Accessory Spleens, 
Their Significance in Essential Thrombocytopenic Purpuric Hemorrhagica, Am. J. 
M. Sc. 176:672 (Nov.) 1928. 

6. Glanzman, E. : Hereditare hamorrhagische Thrombasthenie, Jahrb. f. 
Kinderh. 88:1 and 113, 1918. 

7. Rothman, P. E., and Nixon, N. K.: Familial Purpura Hemorrhagica 
Without Thrombopenia, J. A. M. A. 93:16 (July 6) 1929. 

8. Minot, G. R. : A Familial Hemorrhagic Condition Associated with Pro- 
longation of the Bleeding Time, Am. J. M. Sc. 175:301 (March) 1928. 
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peculiarly with a pruluiitjod hlecdiufj liiuc, a nonretraclilc clot and a 
positive tourniciuet test. The patients have all the clinical phenomena 
of purpura hemorrhagica. The platelets in this condition arc believed 
to he qualitatively defective ; hence the term “thromhasthenic” purpura 
in distinction to thrombocytopenic purjiura. 

In addition to one of the familial types, Giffin “ reported another 
case, in a i)aticnt aged 9, with all the features of hemorrhagic purpura 
except thrombocyto])cnia. Bleeding from the mucous membranes 
occurred, with a jjrolongcd bleeding time and a nonrctractile clot but a 
normal number of platelets. Splenectomy was done, without the usual 
prompt improvement such as follows typical purpura hemorrhagica. 

Sweeney reported an atypical case in which the diagnosis was 
extremely difficult. Clinically, the patient had marked hemorrhages, 
but despite a greatly prolonged bleeding time the platelets were not 
reduced. The white cells were normal. He was given numerous trans- 
fusions of blood, but failed to improve, and as a last resort a sple- 
nectomy was done. There was a slight transient rise in the white cells, 
but no increase in the platelets and no improvement clinically. The 
patient died about six months later. 

Kennedy described the case of a child aged 4, with a prolonged 
bleeding and coagulation time, decreased platelets, intense anemia and 
slight leukocytosis. A splenectoni}’- was done without improvement. 
Two months later tonsillectomy was followed by excessive hemorrhages 
and death. Necropsy revealed an aplastic' bone marrow. The patient 
had an atypical aplastic anemia. Splenectomy in the cases reported by 
Giffin and Kennedy for familial thrombo-asthenic purpura hemorrhagica 
has not given the satisfactor}'- results obtained in pure thrombocytopenic 
purpura. Little and Ayres reported a death following splenectomy in 
a case of hereditary hemorrhagic purpura with a normal platelet count. 

The most careful scrutiny of all patients with hemorrhagic disease 
is indicated before splenectomy is resorted to. Many cases are not 
typical, and the differential diagnosis is most difficult. In borderline 
cases with no improvement, splenectomy is perhaps justifiable if the 
hemorrhage is unrelieved by transfusion and death seems otherwise 
inevitable. The cases of acute bleeding, as described by Kenned}' 
and Killins,^ were of this type. In the chronic type of bleeding with 

9. Giffin, H. Z. : Unusual T 3 'pes of Hemorrhagic Disease, Am. J. M. Sc. 
175:44 (Jan.) 1928. 

10. Sweeney, J. S. ; Chronic Aplastic Anemia and Sj'mptomatic Purpura 
Hemorrhagica Probably Due to Benzol Poisoning, Am. J. AI. Sc. 175:317 (Alarch) 
1928. 

11. Kennedj% R. L. J.; Diseases of Children Benefited Splencctomj', J. A. 
AI. A. 91:874 (Sept. 22) 1928. 

12. Little, W. D., and Aj-res, AV. W. : Hemorrhagic Diseases, J. A. AI. A 
91:1251 (Oct. 27) 1928. 
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cccln nioscs, bruisin”- and moderate anemia we believe that it is better 
to postpone splenectomy unless the following requisites are met; (1) 
splenomegaly; (2) thrombocytopenia; (3) prolongation of the bleeding 
time; (4) nonretractilit}’ of the blood clot; (5) positive tourniquet test 
showing decreased capillary resistance; (6) normal coagulation time 
and (7) a normal or slightly increased leukocyte count. 

The following case illustrates the clinical recovery following sple- 
nectomy in typical chronic hemorrhagic purpura, without, however, a 
hematologic recovery. 

REPORT OF A CASE 

Afiss A'l. S., aged 36, reported that at the age of 14 slie noticed numerous spots 
on the legs about the size of a dime or greater, occurring without any bruising 
or injury. She was nicknamed "Spotty" by her plaj'mates. At the age of 16 she 
was bitten on the arm by a mosquito, and a black and blue spot about 2 inches 
(5 cm.) in diameter developed at the site. At 19 she had an acute, severe pain 
in the lower part of the abdomen and fainted. In college she noticed that the 
discharge during her menstrual periods became profuse. Occasionally, a severe 
spontaneous vaginal hemorrhage developed. 

In 1920, tonsillectomy was advised in the belief that the purpura was possibly 
due to infection. She lost a great deal of blood, and it was thought she would not 
live. Transfusion of blood was not resorted to, and the bleeding finally was 
stopped by clamps. 

In October, 1922, she had another acute attack of abdominal pain associated 
with vomiting, believed to be acute appendicitis. She was seen by a ph 3 'sicjan, 
and for the first time was told that she had purpura hemorrhagica. Splenectomy 
had not yet been established in' America as accepted treatment, and she forsook 
regular medical care for osteopathy. Brill and Rosenthal’s paper, in 1923, 
brought splenectomy a more generalized recognition, although Kaznelson had 
reported the first case in 1916. 

In 1923, she had a severe uterine hemorrhage. 

In the summer of 1928, she had another attack of severe abdominal pain, during 
which she became very faint and weak. There was no external bleeding, but she 
became so anemic that she was given her first transfusion of blood. About this 
time, she first noticed a little oozing of blood from the gums and observed blood 
spots on her pillow in the morning. 

In August, 1929, she was seized with griping abdominal pain, and vaginally 
passed several clots of blood. She had marked bleeding from the gums, the 
bleeding continuing for thirty-six hours. The vaginal bleeding finally was stopped 
by packing. She was seen at the office on Aug. 27, 1929. The skin was markedly 
pale, the mucous membranes washed out. A number of ecchymoses were present 
on the arms and legs. The spleen was enlarged two fingerbreadths below the 
costal margin. Changes in the blood typical of chronic thrombocytopenic hemor- 
rhagic purpura were present and splenectomy was advised. She had another attack 

13. Brill, N. E., and Rosenthal, N. : Treatment by Splenectomy of Essential 
Thrombocytopenia (Purpura Hemorrhagica), Arch. Int. Aled. 32:939 (Dec.) 
1923 ; The Curative Treatment by Splenectomy of Chronic Thrombocytopenic Pur- 
pura Hemorrhagica, Am. J. M. Sc. 166:503 (Oct.) 1923. 

14. Kaznelson: Wien. klin. Wchnschr. 29:1451, 1916. 
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of severe pain in the lower part of the abclonien and menorrhagia the next month ; 
after its cessation she was admitted to St. Vincent’s Hospital on November 1. 

She was bleeding from the gums, and numerous suggillations were present on 
the body. The site of a hypodermic injection became swollen and discolored. The 
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Table 2. — The Main Changes in the Blood in Hemorrhagic Disease 
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bleeding time was twenty minutes, the platelet count, 50,000. She was given a 
transfusion of whole blood on November 10 and again on November 12, with only 
slight improvement in the bleeding time. Splenectomy was done on November 14, 
followed by an immediate tranfusion, which was given as a precautionary measure, 
as there was no postoperative bleeding from the wound. 
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Tlic pathologic report by Dr. ]£. M. Hall was as follows; 

"The spleen is about two and one-half times normal size, and measures 15 
by 9 by 5 cm. The capsule is smooth. There is a deep fissure near the upper 
third. The cut surface has a meaty appearance, the marking is indistinct, and the 
consistency firm. 

"Sections stained with Giemsa show moderate, diffuse fibrosis, marked conges- 
tion, marked hypertrophy and hyperplasia of the endothelial cells of the venous 
sinuses. The venous spaces also contain a few polymorphonuclear leukocytes and 
an occasional eosinoiihil and normoblast. The diagnosis is chronic purpura hem- 
orrhagica.” 

Clinicallj', there was a complete disappearance of oozing from the gums and 
purpuric spots the day after splenectomy. The blood changes are shown in the 
chart and table. About the sixth postoperative day, the patient complained of a 
rheumatic pain in her left shoulder, and signs of fluid gradually developed in the 
left pleural cavity. On the fourteenth postoperative day, a temperature of 101 F. 
developed. The chest was tapped on December 1, and 1,500 cc. of red turbid 
fluid was removed. This proved to be sterile. Following this the fever dropped, 
and there was no recurrence. She was discharged in good condition one month 
after splenectom}'. 

COMJIENT 

This case illustrates the rather typical response of the blood picture 
to splenectomy. A tremendous leukocytosis, due to proliferation of the 
granular leukocytes, was found the day after splenectomy. Tliis slowly 
decreased, but a year later the white cell count was still elevated. The 
frequency with which this is found after splenectomy for purpura 
hemorrhagica suggests the existence of a leukotoxin in addition to the 
supposed lysin that destroys the platelets. The persistent leukoc 3 'tosis 
is unexplainable. Evans, in reporting the blood changes following 
splenectomy, found no persistent leukocytosis. The white cells were 
usually normal within a month. 

The slower rise in platelets, reaching the maximum about the eighth 
day after operation, is characteristic. The response, however, was 
moderate, the count failing to rise to the frequent level of from 500,000 
to 1,000,000. 

The immediate return to normal of the bleeding time after sple- 
nectomy was coincident with the rise of platelets. Over a period of a 
year and a half since the operation, there has occurred a gradual 
reduction of the platelets, but despite this, the clinical improvement has 
continued. There has been a gain in weight and strength. The patient 
is again teaching. 

The end-result of the splenectomy as seen a year later was a clinical 
cure, but only moderate hematologic improvement. The so-called essen- 
tial factor in the production of the disease, thrombocytopenia, had 

15. Evans, W. H. : The Blood Changes After Splenectomy in Splenic Anemia, 
Purpura Hemorrhagica and Acholuric Jaundice, with Special Reference to Plate- 
lets and Coagulation, J. Path. & Bact. 31:815 (Oct.) 1928. 
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reappeared, hut tile usual sef]uel. ])atliol()i,dc liciuorrhage, had not. The 
hlood clut again failed to retract: there was a shower of petechiac on 
a]>plicatiou of the tourni(iuel. hut no oozing of the gums or menorrhagia. 
.Again. atyj)ically and i)cculiarly, the bleeding time was normal. 

That there is an additional factor respousihle for the disease other 
than the thromhocytoi^cnia is indicated hy this and other reports. 
Apparently, clinical hemorrhagic purpura can appear when the plate- 
lets are normal in numher, as in the “thromhasthcnic” type, usually^ 
familial. Conversely, a patient may have a marked reduction of the 
blood platelets without clinical purpura hemorrhagica. 

It follows that the sole c.xplanation for the clinical cure of purpura 
hemorrhagica in the majority of cases by' splenectomy cannot be the 
postoperative elevation of the platelets. It is concomitant with improve- 
ment, but the effect of splenectomy' is more complex and far-reaching 
than it has yet been possible to explain. 

SUArMARY 

The salient facts in the literature concerning so-called chronic 
essential thrombocytopenic purpura have been reviewed. A number of 
atypical cases of unusual hemorrhagic disease have been cited, and the 
futility of- treatment for such cases by splenectomy pointed out. The 
necessity for a meticulous scrutiny of all hemorrhagic patients to elimi- 
nate atypical cases such as “thrombasthenic” purpura is suggested. 

A case showing a clinical recovery but a hematologic failure is 
described. Thrombocytopenia apparently is not the only factor oper- 
ating in purpura hemorrhagica. 
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For the past number of years the question of the etiology of choles- 
terosis of the gallbladder has assumed widespread interest. 

In a series of 5,000 gallbladders removed at operation, MacCarty,^ 
in 1919, found cholesterosis of the gallbladder to be present in 18 per 
cent of his cases. In 1921, Mayo* found cholesterosis in 39 per cent 
of 1,254 cases of disease of the gallbladder. Mentzer ® in 1926 
published autopsy reports of .612 cases, with an incidence of choles- 
terosis as high as 38 per cent. In 1929, Illingworth noted choles- 
terosis in 21 of 100 consecutive gallbladders removed at operation. 

Anywhere from 20 to SO per cent of these cases of cholesterosis 
were associated with gallstones, usually composed of pure cholesterol. 

Cholesterosis, so named by Mentzer ® in 1925, is a pathologic con- 
dition of the mucosa of the gallbladder, consisting macroscopically of 
tiny yellowish granules lying beneath the epithelium. Microscopically, 
in a Sudan-stained section, lipoid material may be seen deposited at 
the bases of the epithelial cells and in the large mononuclear endo- 
thelial cells of the stroina. In the majority of cases the subepithelial 
coat appears thickened by a varying amount of fibrous connective tissue. 
Very often scattered areas of small round cells may be seen. As a 
result of the combined fibrosis and the excessive deposits of lipoid 
material, the so-called “villi” of the mucosa are, as a rule, found to be 
shortened and thickened, but occasionally may be elongated and bulbous, 
or even definitely papillomatous in appeai-ance. 

From the Department of Surgery, McGill University. 

Read at a Meeting of the Halsted Club, at the Royal Victoria Hospital, 
Montreal, May 22, 1931. 

This work was made possible through the generous grant of the Rockefeller 
Foundation to the Department of Experimental Surgery. 

1. MacCarty, W. C. : Ann. Surg. 69:131, 1919. 

2. Mayo, C. H. : Minnesota Med. 4:1, 1921. 

3. Mentzer, S. H.: Surg., Gynec. & Obst. 42:782, 1926. 

4. Illingworth, C. F. W. : Brit. J. Surg. 17:203, 1929. 

5. Mentzer, S. H. : Am. J. Path. 1:383, 1925. 
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Virchow first noticed what he considered to be cholesterol in the 
mucosa of the gallbladder in 1857. Moynihan in 1909 described the 
macroscopic condition aptly named by MacCarty the “strawberry” 
gallbladder. It remained for Boyd,® however, in 1922, to show that the 
yellow material found in the wall of the gallbladder in these conditions 
was undoubtedly cholesterol. He demonstrated that the normal dried 
mucosa of the gallbladder contained about from 0.5 to 1 per cent of 
cholesterol, whereas the dried mucosa of the strawberry gallbladder 
could contain as much as 60 per cent of the substance. 

Although various authors have differed in their opinions as to 
whether inflammation plays any part in the production of cholesterosis, 
Illingworth has shown experimentally that by feeding rabbits a high 
cholesterol diet and at the same time producing a chronic cholecystitis, 
it is possible to obtain a lesion that corresponds closely to that of choles- 
terosis in the human being. 

Mentzer believes cholesterosis to be essentially a metabolic distur- 
bance. Blaisdell and Chandler " were able to produce what they believed 
to be a cholesterosis of the gallbladder by merely administering a high 
cholesterol diet to animals. 

Since 1906, Aschoff ® has insisted that cholesterol is absorbed by 
the mucosa of the gallbladder, having proved experimentally that neutral 
fats and fatty acids could be easily absorbed. However, he was never 
able to show any direct proof of the absorption of cholesterol. Torin- 
oumi,® by reinjecting a measured quantity of bile into gallbladders in 
which the cystic ducts had previously been ligated and analyzing this 
bile from seven to thirty-eight days afterward, produced results that 
tended to confirm Aschoff’s belief of the absorption of cholesterol. 

Boyd also believes that cholesterol is absorbed by the mucosa of 
the gallbladder. 

Illingworth^ injected suspensions containing 3,442 mg. of choles- 
terol per hundred cubic centimeters of bile into the gallbladder of cats, 
after tying the cystic duct, and showed that under these conditions a 
part of the cholesterol was absorbed from the gallbladder. It must be 
remembered, however, that this concentration of cholesterol is about ten 
times as great as that which normally occurs in the bile in the gall- 
bladder, and that the medium used was an artificial one. 

Naun 3 m,^® on the other hand, always considered that the cholesterol 
of the bile was derived from the mucosa of the biliary passages and 

6. Boyd, W.: Brit. J. Surg. 10:337, 1922. 

7. Blaisdell, F. E., and Chandler, L. R. : Am. J. M. Sc. 174:492, 1927. 

8. Aschoff ; Miinchen. med. Wchnschr. 37 : 1847, 1906. 

9. Torinoumi ; Beitr. z. path. Anat. u. z. allg. Path. 72:456, 1924. 

10. Naunyn, B. ; Mitt. a. d. Grcnzgeb. d. Med. u. Chir. 33:2. 1921. 
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gallbladder. His opinion, however, was not based on any direct experi- 
mental evidence. 

The recent exj^crimental work of Elman and Graham ” seems to 
favor the latter view, since their evidence indicates that cholesterol is 
secreted into the bile in the gallbladder. 

It may therefore be seen that two main theories exist as to the 
origin of cljolesterol deposited in the u'all of the gallbladder in so-called 
cholesterosis, and in order to understand the condition in which choles- 
terol plays so important a part, it is necessary at the outset to determine 
the function of the normal gallbladder in regard to cholesterol. 

Most of the workers in the past have experimented with choles- 
terol in an artificial suspension and in abnormal concentrations. It has 
been the aim throughout the present work to use as much as possible 
the normal concentration of cholesterol as found in animal bile. 

The purpose of the following experiments is to determine whether 
cholesterol passes through the wall of the gallbladder from the bile 
into the blood stream or lymphatics, or, vice versa, from the blood 
stream into the bile. 

TECHNIC 

The technic of the experiments was as follows : 

A fistula of the common duct was produced in a dog after the method of 
McMaster.^2 ^ cholecystectomy was performed; the common duct was cut 
across, and a cannula was placed in the proximal end. A soft rubber tube was 
attached to the cannula and led down to a U-shaped tube in the animal’s pelvis, 
whence a second firmer tube was carried through the abdominal wall to a sterile 
rubber balloon. The object of the U-shaped tube was merely to prevent any 
tension on the cannula in the common duct. In this way sterile bile from the 
common duct could be collected when necessary. 

In this series of experiments all animals were treated in the same fashion. The 
operative procedure was carried out as follows : 

Under ether anesthesia the dog’s abdomen was opened. The cystic duct was 
carefully isolated and ligated, special care being taken not to include the cystic 
blood vessels or lymphatics, especially the main trunks of the latter, which course 
down in the fatty tissue on the inferior aspect of the duct. 

The bile was then aspirated through the fundus of the gallbladder by a no. 14 
blunt cannula inserted by means of a trocar, which was withdrawn as soon as the 
gallbladder was pierced. The gallbladder was emptied as completely as possible. 
Saline was not used to wash out the lumen, as the experience of some experi- 

11. Elman, Robert, and Graham, E. A.: The Pathogenesis of the “Straw- 
berry” Gallbladder: (Cholesterosis of the Gallbladder), Arch. Surg. 24:14 (Jan.) 

1932. 

12. McMaster: Studies from Rockefeller Institute for Medical Research, 1924, 

no. 53, p. 307- 
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nicntcrs lias sliowii that slid) procedure rapidly lends to injure the delicate mucosa. 
On the other hand, it was found that by ordinary aspiration practically all the 
bile could he removed and that only a small amount clinging to the mucosa 
remained. 

The amount of bile aspirated was measured and replaced by an equal quantity 
of bile derived from a fistula of the common duct of another dog, as described. 
The opening in the fundus was closed by a fine purse-string suture in such a way 
as to evert the mucosa. A sample of the bile from the common duct was set 
aside in each case for a quantitative estimation of cholesterol. It was therefore 
possible to know the exact quantity of cholesterol that was injected into the lumen 
of the animal’s gallbladder. For convenience, this dilute bile from the common 
duct is termed “A bile.” 

At the end of twent 3 ’-four hours, the animal was killed and the liver, gall- 
bladder and common duct were removed intact. This was done in order to be 
certain that the cystic blood vessels were not included in the ligature around the 
cystic duct, and that no accessory bile ducts were communicating with the gall- 
bladder. If either of these errors was found, the experiment was discarded. 

If the blood vessels were found intact and the gallbladder was completely 
isolated, the biliarj' contents were carefullj' removed into a small beaker. This 
was done in such a fashion as not to scrape the mucosa, so that a small portion 
of the thick inspissated bile was invariably left adherent to the mucosa. 

The bile was constantly found to be dark, inspissated and partly precipitated 
at the end of twenty-four hours. Approximate measurements showed it to be 
concentrated from two to three times its original volume. This thick viscid bile 
removed at the end of twenty-four hours is termed the “B bile.” 

By estimating the total quantity of cholesterol in the A bile and comparing it 
with the total quantity in the B bile, values are obtained which throw definite 
light on the cholesterol function of the normal gallbladder during the process of 
concentration of hepatic bile. 

Analysis of the bile cholesterol by the colorimetric method described in the 
literature was found to be difficult owing to the yellow discoloration present in 
the extracts. Eventually the method emploj'ed was as follows : 

A measured quantity of bile was placed into a 100 cc. beaker, and 10 cc. of 
20 per cent potassium hydroxide was added. The contents were heated in a water 
bath for thirty minutes, and 10 cc. of a 30 per cent calcium chloride solution was 
then slowly added, with constant stirring. Plaster of paris was then added and 
thoroughly mixed with the contents, which were then dried at 5S C. Extraction 
was carried out for ten hours in a Soxhlet apparatus, anhydrous ether being used. 
The ether containing the cholesterol was then poured into a small beaker and the 
flask rinsed three times with small quantities of fresh ether. After the ether had 
evaporated at room temperature, the dry residue was extracted with hot chloro- 
form and an appropriate portion of this compared colorimetricallj' by the 
Burchard-Lieberman reaction against a standard solution of cholesterol. By the 
addition of known amounts of cholesterol to the bile, the loss by this method was 
never more than 6 per cent. 

However, as colorimetric estimations of cholesterol are regarded with some 
doubt by certain investigators, in dogs Y, VII and VIII, the estimations of both 
A and B biles were carried out by the digitonin method exacth’ as described b 3 - 
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Ganlncr.J-’ Portions of the A hiles in tlicsc three eases were also determined 
by tlic colorimetric method, with the following results; 

Colormiclric Digitoniii 

lO'Sfj iHg- 8.85 mg. 

^^11 A 15.4/ mg. 14.17 mg. 

VIII A 6.58 mg. 6.45 mg. 

This correlation hetween the two methods indicates that the colorimetric 
method used is siiflicicntly reliable for our purpose. Most investigators have 
found the colorimetric metiiod to yield slightly higher results than the digitonin 
method. 

EXPERIMENTAL DATA 

The results of the expcriiiicjits are as follows; 

Dog J . — After the cj^stic duct had been ligated, 10 cc. of hepatic 
bile derived from the biliary fistula of another dog was injected into 
the gallbladder. Ten cubic centimeters of this bile was found to con- 
tain 3.58 mg. of cholesterol. At the end of twenty-four hours, the 
animal was killed and the gallbladder removed. Only 2 or 3 cc. of 
thick, dai-k viscid bile (B bile) was found inside the gallbladder; on 
analysis, this material was found to contain a total of 5.46 mg. of choles- 
terol. This represents in twenty-four hours an increase of 1.88 mg., or 
52 per cent, of cholesterol in the contents of the gallbladder. Two facts 
must be noted ; in the first place, only 10 cc. of bile was introduced, and 
secondl}'’, the A bile had a fairly high cholesterol concentration, 35.85 
mg. per hundred cubic centimeters of bile. 

Dog II . — In a similar way, this animal had 31 cc. of hepatic bile 
(A bile) containing 7.05 ing. of cholesterol introduced into the gall- 
bladder. At the end of twenty-four hours, estimation of the contents 
of the gallbladder showed a total of 28.69 mg. of cholesterol, an increase 
of 21.64 mg., or 307 per cent. In this case three times as much A bile 
was used as in the previous animal, and in addition the concentration 
of cholesterol in the A bile was much less, being only 22.75 mg. per 
hundred cubic centimeters of bile. 

Dog III. — Twenty-nine cubic centimeters of hepatic bile, containing 
5.69 mg. of cholesterol, was injected into the 'gallbladder. At the end 
of twenty-four hours, 14.76 mg. of cholesterol was recovered from the 
concentrated contents, an increase of 9.07 mg., or 159 per cent. 

Dog IV. ^Twenty-five cubic centimeters of hepatic bile containing 

3.35 mg. was injected into the gallbladder, and at the end of twenty-four 
hours 16.23 mg. was recovered, an increase of 12.88 mg., or 384 per 
cent. It may be interesting to note that the concentration of the A bile 
was quite low, being only 13.42 mg. per hundred cubic centimeters of 

bile. 

13. Gardner, J. A., and Gainsborough, H.: Biochem. J. 21:130, 1927. 
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Dog V . — Fifty cubic centimeters of hepatic bile containing 8.85 mg. 
of cbolestcrol (as estimated by the digitonin method) was injected 
into the gallbladder, and at the end of twenty-four hours the thick 
viscid bile, only about one fourth of its original quantity, was found to 
contain a total of 29.14 mg. of cholesterol b}^ weight (digitonin). The 
increase was 20.29 mg., or 229 per cent. 

Dog VI. — ^Twenty-five cubic centimeters of hepatic bile, containing 
5.01 mg. of cholesterol, was injected. This bile was allowed to remain 
in the gallbladder for thirty-eight hours. At the end of this period, 
extreme!)' thick precipitated bile was found to contain a total of 31.26 
mg. of cholesterol, an increase of 26.25 mg., or 524 per cent. 

Dog VII . — This animal was treated in a manner similar to the 
preceding ones with the exception that, for ten days previous to injec- 
tion, 2 Gm. of cholesterol was added daily to the food in order to raise 
the cholesterol content of the blood. It has been shown that this content 
can be easil}' raised in rabbits by a high cholesterol diet.’* There is 
some doubt, however, whether hj'percholesterolemia can be produced 
in omnivorous animals. Lemoine and Gerard ** and Rothschild and 
Rosenthal have produced evidence that such hypercholesterolemia can 
occur. We have found it to be so in the case of dogs. Thus, on feeding 
two dogs, each weighing about 15 Kg., 1 Gm. of cholesterol daily in 
their food, the cholesterol content of the blood was approximately 
doubled in one week; in one case it rose from 77 to 155 mg. per 
hundred cubic centimeters of bile and in the other case from 99 to 
208 mg. At the time of operation, 24 cc. of hepatic bile (derived 
from another dog with a biliary fistula), containing 6.45 mg. of choles- 
terol, was introduced into the emptied gallbladder. At the end of 
twenty-four hours, 35.85 mg. of cholesterol was recovered from the 
contents of the gallbladder, an increase of 29.4 mg., or 455 per cent. 
From this it would seem that raising the concentration of the choles- 
terol in the blood increased the amount of cholesterol entering the 
gallbladder. 

Dog VIII . — In this animal, instead of the cholesterol of the blood 
being raised, the cholesterol of the hepatic bile was raised by adding an 
excess of sterilized cholesterol to a flask containing sterile hepatic bile 
and shaking this every few hours for two da)'s. Prior to the operation, 
the bile was carefully decanted and filtered through several layers of 
sterile gauze to prevent an)' particles of cholesterol from being present 
in the solution. This procedure raised the A bile cholesterol to 47.24 
mg. per hundred cubic centimeters of bile. Thirty cubic centimeters 

14. Lemoine and Gerard: Bull, et mem. Soc. med. de hop. de Paris 33:931, 
1912. 

15. Rothschild, M. A., and Rosenthal. N. : Am. J. M. Sc. 152:394, 1916. 
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of this bile, containing 14.17 mg. of cholesterol, was introduced into 
the gallbladder. y\t the end of tweny-four hours, 27.85 mg. of choles- 
terol was recovered, an increase of 12.68 mg., or 89.5 per eent This 
result indicates that raising the cholesterol of the bile without raising 
that of the blood decreases the amount of cholesterol passing into the 
bile of the gallbladder. 

The majorit}'’ of animals used for these experimental purposes are 
not listed, owing to the fact that at the end of twenty-four hours the 
wall of the gallbladder in some instances was found to be inflamed or 
gangrenous in histologic sections; in others, the results were discarded 
owing to interference with the blood suppl}’- or to the presence of 
aberrant hepatic ducts emptying into the gallbladder above the ligature, 
occluding the cystic duct. Onl)' the few animals in which no inflam- 
mator}'’ changes were seen in the histologic sections of the gallbladder 
wall are listed in this article. 

Table 1 . — Results in E.vpcriineuts on Eight Dogs 
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24 

10 

3 

35.85 
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3.58 

5.40 

1.88 

52.0 
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24 

31 

12 

22.75 

230 

7.05 

28.09 

21.04 

307.0 

III 

24 

29 

14 

10.01 

103 

5.G0 

14.70 

9.07 

159.0 

IV 

24 

25 

11 

13.42 

147 

3.35 

10.23 

12.88 

384.0 

V 

24 

50 

15 

17.7 

194 

8.85 

29.14 

20.20 

229.0 

VI 

38 

25 

10 

20.05 

312 

5.01 

31.20 

26.25 

524.0 

vn 

24 

24 

10 

20.85 

358 

0.45 

33.85 

29.40 

455.0 

vrii 

22 

30 

15 

47.24 

183 

14.17 

27.85 

12.08 

89.5 


* Approximate. 


Table 1 gives the main points in the foregoing experiments. 

From table 1 it would appear that cholesterol passes into the bile of 
the gallbladder from without. It will also be noticed that the cholesterol 
concentration of B bile is only approximate, as it is difficult to measure 
the B bile accurately after concentration and precipitation has taken 
place. Nevertheless, it is interesting to note that the milligrams of cho- 
lesterol per hundred cubic centimeters in the B bile approximately 
corresponds to the average blood cholesterol content of the dog. The fol- 
lowing four experiments bring this point out more clearly, as in these 
animals accurate readings of the cholesterol content of the blood were 
taken during the twenty-four hours that the experiment was taking place. 
It has been found that the cholesterol content of the blood of these dogs 
may vary greatly within short intervals, so it was necessary to check the 
blood at the beginning and the end of the period of concentration of 

the A bite. 

In dogs IX and X no effort was made to raise the cholesterol content 
of the blood, but cholesterol was added to the bile. 
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It \vas found that the solubility of cholesterol in bile depends on the 
percentage of bile salts present ; thus, by adding increasing percentages 
of sodium taurocholate and excess cholesterol to different portions of 
a sample of bile, the amount of cholesterol dissolved was raised pro- 
portionatel}'- to the percentage of bile salts : 

Cholesterol per 
100 Cc. Bile 


Bile + excess cholesterol 23.0 mg. 

Bile + 1% sodium taurocholate + cholesterol 37.4 mg. 

Bile + 2% sodium taurocholate + cholesterol CO.G mg. 

Bile + 10% sodium taurocholate + cholesterol 303.0 mg. 


Dog IX . — Our procedure was to add sterile sodium taurocholate 
and cholesterol to sterile hepatic bile, until a high concentration of 
cholesterol dissolved in the bile was reached ; the excess cholesterol was 
removed by filtration, and the concentration of cholesterol was found to 
be 184.9 mg. per hundred cubic centimeters of bile. The cystic duct 
was occluded as before, and 25 cc. of this A bile, containing 36.98 mg. 
of cholesterol, was introduced into the emptied gallbladder. At the end 
of twenty-four hours the animal was killed, and approximately 8 cc. of 
concentrated bile containing 12.5 mg. of cholesterol was removed from 
the gallbladder, indicating a loss of 24.48 mg. of cholesterol during 
the period of twenty-four hours. In other words, 8 cc. of B bile con- 
tained 12.5 mg. of cholesterol, corresponding to a concentration of 
approximately 156 mg. of cholesterol per hundred cubic centimeters of 
bile. The cholesterol of the blood throughout this experiment averaged 
170.5 mg. per hundred cubic centimeters of blood, indicating that the 
loss of cholesterol from the gallbladder resulted in a final concentration 
of the cholesterol of the bile corresponding to that of the blood stream. 

Dog X . — As in dog IX, A bile with an artificially high concentration 
was used. Twenty-five cubic centimeters containing 34.37 mg of 
cholesterol (or 137.5 mg per hundred cubic centimeters of bile) was 
injected. At the end of twenty-four hours, approximately 8 cc. of bile 
was recovered, which contained only 14.6 mg. of cholesterol (an 
approximate concentration of 182.5 mg. per hundred cubic centimeters 
of bile). The average cholesterol content of the blood throughout the 
experiment was 163.5 mg. per hundred cubic centimeters of blood. In 
this case there was a loss of 19.77 mg. of cholesterol from the gall- 
bladder, resulting in a final cholesterol concentration of the bile approxi- 
matel}'^ equal to that of the blood. 

Dog XL — This animal was fed 2 Gm. of cholesterol dail}^ which 
was mixed with its food. On the sixth day, at the time of operation, 
the cholesterol content of the blood was 366 mg. per hundred cubic 
centimeters of blood. At the end of twenty-four hours, it was 296 mg., 
giving an average cholesterol content of the blood during the period 
of bile concentration of 330 mg. After the cystic duct was ligated and 
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tlic gallbladder emptied, 25 cc. of hepatic bile derived from a biliary 
fistula of another dog, containing 8.32 mg. of cholesterol (or 33.3 mg. 
per hundred cubic centimeters of bile), was introduced into the gall- 
bladder. After twenty-four hours, approximately 8 cc. of bile remained, 
which on analysis contained 25 mg. of cholesterol (or 312.5 mg. per 
hundred cubic centimeters of bile). The increase by weight of choles- 
terol at the end of twenty-four hours was 16.68 mg. The final con- 
centration of cholesterol in the bile was approximately 312.5 mg. per 
hundred cubic centimeters, whereas the average concentration of choles- 
terol in the blood stream throughout the experimental period was 330 
mg. per hundred cubic centimeters of blood. These figures suggest a 
close relationship between the two. 

Dog XII . — The cholesterol content of the blood of this dog was 
raised to an average of 425 mg. by the jneasures that were employed 
in dog XI. Fourteen cubic centimeters of hepatic bile, containing 3.78 
mg. of cholesterol (or 27 mg. per hundred cubic centimeters of bile). 

Table 2. — Results of Exferimeuts on Dogs IX, X, XI and XII 
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24 

14 
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3.78 

12.9 

+ 9.12 

+241.0 

425.0 


* Approximate. 

was introduced into the previously emptied gallbladder with the cystic 
duct occluded. At the end of twenty-four hours, approximately 3 cc. 
of bile was recovered, which contained 12.9 mg. of cholesterol (or 
430 mg. per hundred cubic centimeters of bile). This shows an 
increase by weight in twenty-four hours of 9.12 mg. The cholesterol 
concentration of the bile was raised from 27 mg. to approximately 
430 mg. per hundred cubic centimeters of bile, corresponding closely 
to the average cholesterol content of the blood of 425 mg. per hundred 
cubic centimeters of blood. 

The results of the last four experiments are shown in table 2. 

COMMENT 

From the foregoing experiments it would appear that in normal dogs 
cholesterol passes into the bile of the gallbladder from without , that 
is the cholesterol is derived in some way from the wall of the gall- 
bladder and deposited in the bile. It would also seem logical to assume 
that the cholesterol is brought to the gallbladder by the blood stream. 
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It should Ijc remembered that in this work the teehnic that was 
employed corresponds closel}- to the normal physiologic process. 
Normally, the gallbladder receives dilute hepatic bile. While in con- 
tact with the mucosa of the gallbladder, this bile is rapidty concentrated, 
principally b}" the removal of water. Changes in the other constituents 
of the bile that take place within the gallbladder most likely occur 
concomitantly with the absorption of the water. 

The experimental method imitates closely the physiologic process so 
far as normal hepatic bile is placed in contact with the mucosa of the 
gallbladder, and concentration of this bile is allowed to proceed for 
twenty-four hours. In other words, under controlled quantitative con- 
ditions the normal process is reproduced, aside from the fact that the 
gallbladder is not continually receiving hepatic bile owing to the artificial 
occlusion of the cystic duct. 

Before proceeding further, it should be mentioned that two minor 
inaccuracies are present in this work. First, when the bile is with- 
drawn from the gallbladder in the initial procedure, a small quantity 
of this bile is undoubtedly left in the gallbladder, which is not included 
in the determination of A bile. Second, when the gallbladder is removed 
to recover the B bile, a certain amount is also left adherent to the 
mucosa, which, of course, does not enter into the determination of 
cholesterol. The latter error is unavoidable, as any washing or scraping 
of the mucosa would be apt to remove some of the delicate membrane, 
and the cholesterol content of the cells would then be included in the 
calculations. It is, however, self-evident that these are but slight errors, 
and in any case the one tends to offset the other. 

A careful analysis of the figures in table 1, aside from indicating 
that cholesterol normally passes from the blood stream into the bile 
through the wall of the gallbladder, brought up a further interesting 
observation. The question arose as to whether cholesterol enters the 
bile of the gallbladder by active secretion or merely by ordinary filtra- 
tion. If cholesterol enters the gallbladder by filtration, this process 
should be dependent on the ratio between the cholesterol content of the 
blood and the bile, and it may be seen from the figures already given 
that the amount of cholesterol entering the gallbladder apparent!}' does 
depend (to at least a great extent) on this ratio. In dog VII, which 
was fed a high cholesterol diet to produce hypercholesteremia, a large 
increase of cholesterol is found in the bile at the end of twenty-four 
hours. If, on the other hand, the cholesterol content of the bile is high 
and that of the blood normal, there is a much smaller interchange of 
cholesterol at the end of a given time. This fact is well demonstrated 
in dog VIII, in which cholesterol was artificially added to the A bile, 
resulting in a very small increase at the end of twenty-four hours. 
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Inirlher. as IIling\\-orth ' and Boyd have shown, if very high concentra- 
tions of cholesterol are introduced into the gallbladder (that is, higher 
than the blood) it tends to disappear from the bile of the gallbladder. 

J Inis in dogs 11, III, IV and V, with an average A bile of 18.37 mg. 
per hundred cubic centimeters of bile, the a^'crage increase of choles- 
terol was 269 per cent at the end of twenty-four hours. In dog VII, 
which was fed a high cholesterol diet, the increase was 455 per cent. 
In dog VIII, on the contraty, in which the cholesterol of the blood was 
probably normal and in which the cholesterol of the hepatic bile was 
artificially raised, the actual increase in twenty-four hours was only 
89.5 per cent It therefore seemed logical to assume the possibility that 
if the cholesterol concentration of the bile should be higher than that 
of the blood, cholesterol would pass from the bile into the blood stream. 

With these facts in view, it was decided to perform a series of 
experiments in which the cholesterol content of the blood was care- 
fully estimated along with that of the bile. As may be seen by table 2, 
observations were made on two animals (dogs IX and X) in which the 
cholesterol content of the bile was artificially raised, Avith that of the 
blood remaining within normal limits; on two other animals (dogs XI 
and XII), the cholesterol content of the bile was more or less normal, 
but that of the blood was definitely raised by feeding a high cholesterol 
diet. In studying table 2, it is interesting to note that the B bile, 
irrespective of the concentration of the A bile, tends to approach an 
equilibrium with the cholesterol content of the blood. Two factors 
are involved in the production of this apparent equilibrium: (1) the 
reduction in volume of the A bile by the absorption of fluid; (2) the 
interchange of cholesterol between the bile and the blood stream, one 
way or another. 

Dog XII, in which there was marked concentration, is a good 
example of both these points, the bile being concentrated from 14 to 
3 cc. in twenty-four hours by the absorption of fluid. The 14 cc. of bile 
injected contained 3.78 mg. of cholesterol. If this amount of chole- 
sterol remained constant and reduction in volume by removal of water 
were the only factor, the final 3 cc. of bile would have a cholesterol con- 
centration of 127 mg. per hundred cubic centimeters of bile. Actually 
the final cholesterol concentration of the B bile was 430 mg. per 
hundred cubic centimeters of bile, which corresponds closely to that of 
the blood (425 mg. per hundred cubic centimeters of blood). We may 
therefore assume that this result was attained by the passage of choles- 
terol from the blood stream into the bile. In other words, although the 
absolute increase by weight of cholesterol in twenty-four hours was 
small (9.12 mg.), the combined effect of reduction in volume and of 
addition of cholesterol was to raise the cholesterol concentration of the 
B bile to a level with that of the blood. 
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In clogs IX and X, the equilibrium of cholesterol concentration 
behveen the blood and the bile was attained by the loss of cholesterol 
from the bile, compensating for the increased concentration due to the 
loss of fluid. Thus in dog IX the A bile concentration was 184.9 mg. 
per hundred cubic centimeters of bile (25 cc. containing 36.98 mg.), 
slightly higher than that of the blood (170.5 mg. per hundi'ed cubic 
centimeters of blood). As before, if concentration were the only factor 
involved, the final 8 cc. of bile would show a concentration of 462.25 
mg. of cholesterol per hundred cubic centimeters of bile. Actually, the 
final cholesterol concentration was onh' 156 mg. per hundred cubic 
centimeters of bile, approximating that of the blood. This result could 
be attained only by a loss of cholesterol from the bile of the gallbladder. 

CONCLUSIONS 

1. In normal animals, with the cystic duct tied, when the cholesterol 
concentration of the bile is lower than that of the blood, cholesterol 
passes from the blood through the mucosa of the gallbladder into the 
bile. 

2. When the cholesterol concentration of the bile is higher than that 
of the blood, cholesterol passes from the bile through the mucosa of 
the gallbladder into the blood stream. 

3. The amount of cholesterol passing through the mucosa and the 
direction of its passage apparently depend on the blood-bile cholesterol 
ratio. 



EFFECTS ON COMPOSITION OF BLOOD OF PHYSIO- 
LOGIC SOLUTION OF SODIUM CHLORIDE 

WHEN INTRODUCED BY INTRAPERITONEAL INJECTION AND BY 
STOMACH TUBE IN THE PRESENCE OF LOW BLOOD PRESSURE 

J. W. BEARD, M.D. 

HARWELL WILSON, M.D. 

AND 

ALFRED BLALOCK, M.D. 

NASHVILLE, TENN. 

This paper is a confmuation of previously reported studies ^ of the 
effects of the administration of fluids to animals with low blood pres- 
sure. In the previous studies, fluid was administered intravenously and 
subcutaneously. The changes observed in the protein content of the 
blood were considered important. The present studies were carried out 
in order to determine the effects of physiologic solution of sodium 
chloride when introduced by intraperitoneal injection and by stomach 
tube into animals with low blood pressure. The subcutaneous injection 
of histamine and graded bleeding were the methods used to produce low 
blood pressure. 

METHODS 

All of the experiments were carried out on dogs that were anesthetized with 
morphine. They gave no evidence of pain during the experiments. Shortly fol- 
lowing the administration of the anesthetic, the blood volume was determined by 

From the Department of Surgery of Vanderbilt University. 
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on the Composition of the Blood of the Subcutaneous Injection of Normal Salt 
Solution into Normal Dogs and into Dogs Subjected to Intestinal Trauma, Graded 
Hemorrhages and Histamine Injection, J. Clin. Investigation 11:311 (March) 1932. 
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ilic dye nictliod," and yaniplcs of l)lood were witlidrawn for tlic control determina- 
tions. Pliysiologic solution of .sodium chloride was tlicn introduced intraperitonc- 
ally or by stomach tnl)c. Wlien introduced into the peritoneal cavity, it was 
injected throuRli a needle at a constant rate of 10 cc. per kilogram of body weight 
per hour for four hours. Samples of blood were removed for the analyses one, 
two and one-half and four hours following the beginning of tbe injection of fluid, 
and one and one-half and three hours following its completion. When given by 
stomach tube, one half of the amount, ecpial to 10 cc. per kilogram of body weight 
per hour for four hours, was given at the beginning of the experiment, and the 
remainder at the end of two hours. At the completion of the experiment, the 
amount of fluid remaining in the stomach or peritoneal cavitj' was measured. 
Following the withdrawal of a sample of blood, it was replaced by an equal 
amount obtained from anotber dog. 

Experiments were first performed in which the elTccts of administration of 
fluids to normal dogs by tbe methods described were determined. In subsequent 
experiments tbe blood pressure was caused to decline bj' the withdrawal of blood 
from the femoral vein at intervals at the rate of 10 cc. per kilogram of body weight 
per hour for four hours. In the experiments in which the decline in pressure 
was produced bj’ histamine, a solution of 0.1 per cent histamine phosphate was 
injected in sufficient amounts to maintain a depression of the blood pressure. 

The hemoglobin was determined by the method described by Cohen and Smith.^ 
Van Allen tubes were used for the hematocrit readings. The blood for protein 
analyses was allowed to clot, and the determinations were carried out on blood 
serum. The proteins were partitioned by the use of 22.2 per cent sodium sulphate, 
as recommended by Howe,^ and the total protein content, the albumin content and 
the globulin content of each sample were determined by the Macro-Kjeldahl 
method, according to Gunning’s modification.'’ On the basis of the original blood 
volume determined directly by the dye method, changes in blood volume were 
calculated from alterations in the hemoglobin. From the hematocrit estimations, 
the relative volumes of red blood cells and of plasma could be calculated. The 
absolute amount of protein in the circulation was calculated from protein per unit 
volume and plasma volume. 

RESULTS 

1. Effects on the Composition of the Blood of Continuous Injection 
of Physiologic Solution of Sodium Chloride into the Peritoneal Cavity. 
— A. When the Blood Pressure Remained at a Normal Level : Three 
experiments were carried out, the results of which were entirely similar. 
There was a definite increase in plasma volume in each experiment, and 
a slight decrease in the amount of protein per unit volume. There was 
a small increase in the calculated absolute amount of protein in the entire 

2. Rowntree, L. G., and Brown, G. E. : The Volume of the Blood and Plasma 
in Health and Disease, Mayo Clinic Monographs, Philadelphia, W. B. Saunders 
Company, 1929. 

3. Cohen, B., and Smith, A. H. : The Colorimetric Determination of Hemo- 
globin, J. Biol. Chem. 39:489, 1919. 

4. Howe, P. E. : The Determination of the Proteins in Blood, J. Biol. Chem. 
49:109, 1921. 

5. Gunning, J. W. : Ueber eine Modification der Kjeldahl-Methode, Ztschr. 
f. anal. Chem. 28:188, 1889. 
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circulation. The changes in albumin and globulin were parallel to those 
in the total protein. In the three experiments, the average amount of 
fluid absorbed from the peritoneal cavity was 34 per cent of that injected. 
The results of these experiments are shown in table 1. 

B. When the Blood Pressure Is Lowered by the Subcutaneous 
Administration of Histamine : The results of these experiments, of 
which there were three, differ considerably from those of the controls. 
There was a diminution in the amount of blood plasma in the circulation 
in all experiments. The percentage of protein per unit volume of plasma 
changed little. There was definite diminution in the absolute amount of 
plasma protein. The results of these experiments are given in table 2. 

C. When the Blood Pressure Is Lowered by Hemorrhage: Two 
experiments were performed. The results obtained were essentially the 
same in each. The diminution of plasma volume was less than the 
amount present in the blood that was removed. There was a slight 
decrease in the percentage of protein. The absolute amount of protein 
in the circulation decreased, but if correction is made for the amount of 
protein removed in the blood a slight gain was shown. These figures 
are placed in brackets in the tables. An average of 24 per cent of the 
fluid placed in the peritoneal cavity during the two experiments was 
absorbed. The results of these experiments are shown in table 3. 

II. Effects on the Composition of the Blood of Introduction of 
Physiologic Solution of Sodium Chloride into the Stomach. — A. When 
the Blood Pressure Remains at a Normal Level : The administration of 
physiologic solution of sodium chloride by stomach tube to dogs the 
blood pressure of which remained at essentially the normal level 
throughout the experiment caused little alteration in the percentage of 
protein of the blood serum. The results of one of the three experiments 
showed considerable loss of plasma during the experiment and a com- 
parable loss of total protein. There was a slight increase in plasma 
volume in one experiment and a very slight diminution in the other. In 
the former, the absolute amount of protein in the circulation at the end 
of the experiment was almost exactly the same as at the control period, 
while in the latter, 2 Gm. of protein was lost during the seven hours. 
The results of these experiments are shown in table 4. 

B. When the Blood Pressure Is Caused to Decline by the Subcutane- 
ous Administration of Histamine: In both experiments of this series 
there was definite and considerable diminution in the plasma volume and 
comparable loss of protein. The protein per unit volume remained con- 
stant, and these results are essentially identical with those obtained when 
histamine is injected and no fluid is administered. Almost as much fluid 
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Table 4. — Effects on the Composition of the Blood of Introduction of Physiologic Solution of Sodium Chloride into the Stomach 
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Table Effects of liitroduclion of Physiologic Solution of Sodium Chloride into the Stomach in the Presence of a Decline in [Hood Pressure 

Produced by the Subcutaneous Injection of Histamine 


« «- 


c 5 00«« 


c? M ^ 

= S o 

o 5” 


5 ; *-» I- O O CD O Ci »-j 

t:*n 1-^ o « 

•T ta la »a i-a » . ct 


2 g ^ ^ ; 


V. f? — S 

e crt »a la 


sil i 5 ?i ^ g 


la et CO O o 

if li 2? ,v* 


o o o Q *2 

C.^ C I Ci C> 

Cl ^ ^ ^ o & 


§ g ” S 

I'- ta o o la ua 


o’ 

5 


ej g 

— S^'3 O ffl Ci CO 

r; o tc c *-• - — * - 

c S 


_ Cj 

S ©•5 O 
o^«tJ 

A e: C 

•*«« o ^ r* 
6 1 
a « 


W OC <D 

la 'I* ^ « 

ca ej Cl C 4 CM 


t- o 

^ la 


© 

XV *-4 ca 

CJ t-* Cl O 


-a* 


-fiaoocoo 

‘c 2 ^ 5 "S 

e © 


CO cc o 


pq 3 

p< 


t>! rJ ca 


a Cl . 

•« C to o o la la 
03"—*^ eo <a Cl 


S r- fl 


S feo 


_ O • • 

o la o Cl 

r-l CO O • • 


Stc 

o C 


' S b 

o ^ 

o ^ 


u ^ t-> *■• 


♦ cs pH la Cl Ci o 

* ci CO c> CO ci 


s 

XV PH ^ Cl la r- r> © 

§0 n ~ 

— ca«c 5 ««cio 

=’£ 


I o -c © cc 


• o t- o 


eo © o o o 


PH Cl 

00© 


O I'* -n’ © 


o 

o 

2 


‘ la r- 1 ^ 


Cl -H 

^ C 
c 

o 


^ ^ 


j£c 

c— o — 

^ C ►‘1C 

V C/ 

. & .Cl 

•-.c u — 

C> «P Cl w 


0 .^ o—* 

.C Cl ^ V 
w. 

o if. o 1- 


H ^ ^ Cl 

~ o Z o 


pi »H ^ Ip 

o c. o e. 
— S'- 


: c 
, c 


e c) 


Z C 
, o 


C C. c Cl 

Cl c. 

C.^ C.^ 




:E SE 


t£~ tC^ 
C*- . S.H- . 
„ tC’C _ tXI 

i-a£S-g£ 
"S 3 Si 'S © ~ 
SgESgS 

■“ 3 fs.— c e, 


=r=- 




Cl © CO f © 
o o Cl P' © 
CO ca © 


^ 5 C 2 

*> e » ** c5 

cs CO a o) 
JS w ^ 2 

•T •** M**? ** fcH 

Cl n o o K Cl 

0*3.3 0*03 

°ph^ 

0:'0 jji-B ^ 

Cl ts-^ V 's3 
C5 Cl K O 
C W 0 C to © 

iggigE 


o 

2« 


gw ^ 

Cl 3 Cl 
^•0 C1J3-0 Cl 
.w 0^*1 5.0 

— 0.2 — 
*"w£ *“"^.2 ® 


^ « 0 0 
c O 3 e: O 5 
"Si • o "S. * © 

ieVH •“ to**-! 

g 5 » § 5 « 
g 

•o OQhh ’0 x — 

•0 03-0 0.0 

eSSc 

^ 0«M 

O 0 o ©^ O 

Cl 0 Cl Cl 0 Cl 
ClgCltlgd 


O “ © !>■ 

0 S 3 o 2 0 

i Cl ^ o 

.ScS^SgS 

o Cl s O «.> o 

p-'3 i! 




BEARD RT AL.— SODIUM CllLORlDR AND BLOOD 


131 


was found in the stomach of these dogs at the end of the experiment as 
was placed in them during the experimental period. The results of 
these experiments are given in table 5. 

C. When the Blood Pressure Is Caused to Decline as the Result of 
Hemorrhage; It is perhaps significant that the animals in these two 
experiments neither tolerated tiie withdrawal of 10 cc. of blood per kilo- 
gram per hour for four hours nor lived through the usual seven hours of 
the experiments. The absolute amount of plasma protein in the circula- 
tion decreased, but this loss was accounted for b}' the protein in the with- 
drawn blood. The percentage of protein per unit volume of' serum 
remained practically constant. The volume of blood plasma decreased 
rather markedly. Almost all of the fluid placed in the stomachs of these 
dogs was recovered at the end of the experiments. The results of these 
experiments are shown in table 6. 

COMMENT 

The usual methods by which fluids are administered are intra- 
venously, subcutaneously, intraperitoneally, by mouth and by rectum. 
In previous studies,' the effects on the composition of the blood of the 
administration of various fluids intravenously and of physiologic solu- 
tion of sodium chloride subcutaneously to animals with a normal blood 
pressure and to those in which a decline in blood pressure had been 
produced by several means were determined. Particular emphasis has 
been placed on alterations in the percentage and absolute amounts of 
plasma protein, because protein maintains to a large degree the osmotic 
pressure of the blood stream. It has been shown previously ® that the 
fluid that escapes from the blood stream as a result of trauma to the 
intestines, mild trauma to an extremity and burns has approximately the 
same protein content as the plasma of the blood stream. The introduc- 
tion of physiologic solution of sodium chloride intravenously and of 
most of the other solutions frequently used in the treatment of shock 
caused little alteration in the composition of the blood when injected 
into dogs with normal blood pressures. When a decline in blood pres- 
sure was produced by hemorrhage and fluids were injected intravenously, 
the loss of protein was limited to that removed in the withdrawn blood. 
On the contrary, the intravenous injection of fluid into animals in which 
gross capillary injury had been inflicted by either mechanical or chemical 
means resulted in a loss of most of the fluid that was injected and in 
addition, in a decrease in the percentage of protein in the plasma remain- 
ing in the blood vessels. When salt solution was injected subcutaneously 

6. Beard, J. W., and Blalock, A. : Experimental Shock. Vlll. The Composi- 
tion of the Fluid that Escapes from the Blood Stream After Mild Trauma to an 
Extremity, After Trauma to the Intestines and After Burns, Arch. Surg. 22:617 
(April) 1931. 
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into normal animals, there was little alteration in the composition of the 
blood. The subcutaneous injection of physiologic solution of sodium 
chloride into animals from which blood was removed was not associated 
with any additional loss of protein. In some instances there was a 
slight increase in the absolute amount of plasma protein if correction is 
made for the amount removed. When the subcutaneous injection of 
salt solution was accompanied b)'- injury to large areas of capillaries, 
there was a lai'ge loss of protein from the circulation but that remaining 
was not diluted greatly, as was found in the experiments in which the 
fluid was given intravenously. 

The results of the present experiments in which physiologic solution 
of sodium chloride was injected into the peritoneal cavity are similar to 
those that were obtained in the studies in which the fluid was injected 
subcutaneously. If any difference is present, it is in favor of the more 
rapid absorption by the blood stream of the fluid that was placed in the 
peritoneal cavity. 

When, however, the salt solution was placed in the stomach, the 
results were similar to those obtained when no fluid was administered 
by any route. Studies of the composition of the blood indicated little 
if any absorption of the fluid that was placed in the stomach. It is 
possible that the morphine that was used as the anesthetic might have 
diminished the absorption of the fluid. 

SUMMARY 

The effects on the composition of the blood of the introduction of 
physiologic solution of sodium chloride intraperitoneally and by stomach 
tube into normal dogs and into dogs in which a decline in blood pressure 
was produced by hemorrhage and by histamine have been determined. 
The studies include'd determinations of the arterial blood pressure, the 
percentage of hemoglobin, the concentration of the red blood cells, the 
volumes of whole blood, red blood cells and plasma, and the percentages 
of total protein, albumin and globulin in the blood serum. 

The introduction of physiologic solution of sodium chloride into the 
peritoneal cavity of the normal dog was associated with an increase in 
the volume of plasma, a slight dilution of the protein of the plasma and 
a small increase in the absolute amount of plasma protein. When the 
blood pressure was caused to decline by giving histamine subcutaneously 
and salt solution was injected into the peritoneal cavity, there was a 
diminution in the volume of plasma and in the absolute amount of 
plasma protein. The percentage of protein per unit volume of plasma 
changed very little. The removal of blood and the introduction of salt 
solution intraperitoneally were associated with decreases in the plasma 
volume and in the absolute amount of plasma protein. However, the 
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losses of protein and plasma were less than the amounts removed in the 
blood. There was a slight dilution of the protein remaining in the circu- 
lation. The findings in these experiments in which the fluid was intro- 
duced intrapcritoneally were similar to those obtained following the 
.subcutaneous injection of solution. 

The experiments in which physiologic solution of sodium chloride 
was introduced by stomach tube into normal dogs and into dogs with a 
low blood pressure showed no appreciable effects of the administration 
of fluid. 



ABSORPTION OF DEXTROSE FROM THE COLON 

WALTER W. EBELING, M.D. 

Hunter Fellow in Surgery 
PHILADELPHIA 

The ease with which fluids can be introduced through the rectum 
into the colon has resulted in the widespread use of this method for the 
administration of a variety of substances. There is undoubtedly a 
paucity of evidence from carefully controlled experiments on the ability 
of the colonic mucous membrane to absorb protein, fat or carbohydrate. 
It is well known that the rectal administration of ether results in general 
anesthesia. More recently the success with which narcosis may be 
produced by the rectal administration of sodium amytal and avertin 
proves that fairly complicated molecules may be absorbed by the mucosa 
of the large bowel. The sedative effect produced by the colonic 
administration of chloral hydrate or sodium bromide is a well estab- 
lished clinical phenomenon. The bromide ion, when administered 
rectally in sufficient amounts, can be recovered from the urine, the sweat 
and the lacrimal secretions. Recently, Cohn,^ in this laboratory, found 
that iodine is readily absorbed from the colon. 

The nutritive substance most often given either by rectal drip or 6y 
massive colonic instillation is dextrose. It supplies a variety of needs 
in the body economy. The evidence of its utilization when given into 
the large bowel has until recently been rather meager. Every textbook 
of therapeutics stresses the efficacy of administering dextrose by rectum 
to those patients requiring carbohydrates in instances in which the oral 
route cannot be used. No chapter on diabetes misses the opportunity 
of mentioning that dextrose may be administered by proctocl}^sis when 
necessary. In most surgical clinics the method has been used when- 
ever the use of dextrose has been indicated and its administration by 
any other route has been inadvisable. The evidence on the total caloric 
value of the dextrose that can be absorbed from the large bowel is 
quite indefinite. 

From the Laboratory of Research Surgery and the Department of Surgery 
(Division C), University of Penns 3 ']vania. 

1. Cohn, B. N. E.: The Absorption of Compound Solution of Iodine from the 
Gastro-Intcstinal Tract witii Special Reference to Absorption of Free Iodine, 
Arch. Int. Alcd. 49:950 (June) 1932. 
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Recently, experimental data published by McNeal}' and Willems" 
and by Scott and Zwcigliaft question the ability of the large bowel to 
absorb dextrose. The experiments of IMcNealy and Willems were 
carried out on the colon of the dog. The large rectal ampulla was not 
utilized. Because of this, similar experiments have been performed, 
the entire colon and rectum being used — a method employed b}’' Gold- 
schmidt and Dayton ^ in their sodium chloride experiments. These 
studies have been e.xtendcd to include a stud}' of the degree to which 
the pancreatectomized dog with hyperglycemia and the hypoglycemic 
animal will absorb dextrose from the same portion of the alimentary 
tract. It is hoped that the present e.xperiments will enhance our 
knowledge of the advisability and efficacy of administering dextrose 
by the rectal route as a therapeutic measure in the diabetic and non- 
diabetic patient. The step from the laboratory animal to the human 
patient is not so great but that some comparisons can be drawn. 

REVIEW OF THE LITERATURE 

The early literature is replete with a variety of mixtures which were 
supposedly efficacious in maintaining life when given by the rectal 
route. How trustworthy these reports are cannot be stated. 

Voit and Bauer ° performed the first systematic research on the 
absorptive mechanism of the colon. Their experiments were performed 
with albumin, and they stated that the addition of sodium chloride 
assisted in the absorption of that substance. Czerny and Latschen- 
berger ® reported studies on two patients in whom the entire large 
intestine, or part of it, had been completely cut off from the small 
intestine. In these they obtained evidence which indicated that dextrose 
was absorbed. Deucher ' reported that he gave five enemas to a patient 
during nineteen hours, each containing 40 Gm. of dextrose. One 
hundred and fifty-four grams of dextrose was absorbed, constituting 
77 per cent of the amount introduced. Reach,® experimenting with 
normal men, found that there was a slight rise in the respiratory 
quotient, which corresponded to a rise in the peripheral blood sugar 
after the rectal administration of dextrose. He assumed that there was 


2. McNeal}', R. W., and Willems, J. D. : Surg., Gynec. & Obst. 49:794, 1929. 

3. Scott, E. L., and Zweighaft, J. F. B. : Blood Sugar in Man Following 
the Rectal Administration of Dextrose, Arch. Int. Med. 49:221 (Feb.) 1932. 

4. Goldschmidt, S., and Dayton, A. B. : Am. J. Physiol. 48:419, 1919. Gold- 
schmidt, S. : Physiol. Rev. 1:421, 1921. 

5. Voit, C., and Bauer, J. : Ztschr. f. Biol. 5:537, 1869. 

6. Czerny, von V., and Latschenberger, J. : Virchows .'\rch. f. path. Anat. 59 : 
161, 1874. 

7. Deucher, P. : Deutsches Arch. f. klin. Med. 58:210, 1897. 

8. Reach, F. : Arch. f. exper. Path. u. Pharmakol. 47:231, 1902. 
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some absorption of dextrose. Zehmisch,® working with human beings, 
gave 152 Gm. of dextrose by rectum and lost 103 Gm. (67.5 per cent), 
supposedly by absorption. Arnheim gave 50 Gm. of dextrose by 
bowel to diabetic persons. He was able to recover only 3 Gm. of 
dextrose after a period of five hours. He did not believe that bacterial 
action could account for the dextrose that had disappeared. Boyd and 
Robertson fed seven women on nutrient enemas for from six to 

seven days. Each day the bowel was washed out and the contents 
analyzed. Urinary nitrogen was used as a gage of the absorption of 
nitrogenous substances. They reported that in two cases 100 per cent 
of the introduced dextrose was absorbed. They lost as much as 61.8 
and 81 Gm. of dextrose during twenty-four hours, but recovered the 
bulk of the protein in the rectal washings. After having incubated 
dextrose solutions which were contaminated with colon bacilli, they 
concluded that the dextrose lost by bacterial action was insignificant. 
They were not able to produce dextrosuria with the amounts they 
administered. Halasz,^^ working with patients, placed clysters in the 
large bowel and, in from five to six hours, found that from 50 to 
200 Gm. of the dextrose had disappeared. He accounted for only from 
0.5 to 1 per cent of the dextrose as lost by bactei'ial action. Mutch and 
Ryffell gave four enemas to each of several patients during a twenty- 
four hour period. Each enema consisted of 450 cc. of 6 per cent 
dextrose. When the nutrient enemas were well tolerated, they increased 
the dextrose to 60 Gm. to the pint of solution. Using a “washout” 
method of experimentation, they concluded that dextrose could be 
satisfactorily administered by this route to a maximum of 700 calories 
per day. Hari and Hahszd* working with dogs, placed a ligature 
around the ileocecal valve and, after the introduction of dextrose solu- 
tion into the rectum, found that the respiratory quotient was nearly 
always increased. They reported that they were able to produce actual 
dextrosuria after the rectal administration of dextrose to their animals. 
Tallerman gave dextrose enemas to seven normal persons and to one 
patient with functional vomiting. The solution consisted of 60 Gm. of 
dextrose in 180 cc. of physiologic solution of sodium chloride, or a 33 
per cent dextrose solution. He concluded that absorption took place 
uniformly, the maximum rise in blood sugar occurring in about one 

9. Zehmisch, F. : Ausnutzung von Nahrklj'Stieren, Halle, C. Nietsclimann, 
1903. 

10. Arnheim, J.: Ztschr. f. diatet. u. phys. Therap. 8:75, 1905. 

11. Boyd, F. D., and Robertson, T.: Scottish M. & S. J. 18:193, 1906. 

12. Halasz, A. V.: Deutsches Arch. f. klin. Med. 98:433, 1910. 

13. Mutch,’ N., and Ryffell, J. H. : Guy’s Hosp. Rep. 66:223, 1912. 

14. Hari, P., and Halasz, A. V.: Biochem. Ztschr. 88:337, 1918. 

15. Tallerman, K. H. : Quart. J. Med. 13:356, 1919-1920. 
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hour and twenty minutes with an average rise of 30 mg. per hundred 
cubic centimeters of blood. Varela and Rubino stressed the necessity 
of exposing the dextrose solution to the rich venous plexus of the rectal 
am])ulla. They jdaced 40 jjer cent dextrose solutions in the rectums 
of patients and tested the peripheral blood and urine for dextrose. 
They found that minute amounts were absorbed shortly after the 
dextrose was introduced, but that soon the colon became irritated and 
expelled the enema. Carpenter,*' in two experiments on human beings, 
gave 30 Gm. of dextrose in 500 cc. of physiologic solution of sodium 
chloride. Within two or three hours after the injection, the respiratory 
quotient changed from 0.02 to 0.05. He found that 17.5 Gm. of 
dextrose was absorbed in one instance and, in the other, 26.3 Gm. 
Similarly, five hours after the administration of 60 Gm. of dextrose, 
he found that 34.6 Gm. had apparently been absorbed. The quantita- 
tive results were based on the “washout” method, using more than 
one lavage. 

Bingel investigated the absorption of de.xtrose in diabetic patients. 
He concluded that only small amounts of dextrose were absorbed. 
One hour after having placed 35 Gm. of dextrose in the bowel, 31 Gm. 
was recovered in the stool. Bingel incubated fecal material with added 
dextrose, and claimed that the dextrose lost was almost as great as 
that supposed to have been absorbed. 

Franke and Wagner *** gave concentrated enemas to dogs. They 
used 25 Gm. of dextrose in a 50 per cent solution. They determined 
the peripheral blood sugar at fifteen, thirty, forty-five and sixty minute 
intervals, and found the highest rise of blood sugar to be 20 mg. per 
hundred cubic centimeters. They concluded that dextrose enemas had 
little, if any, effect on the peripheral blood sugar. Levi gave dextrose 
to fasting normal, diabetic and postoperative patients. He used 500 cc. 
of from 10 to 16 per cent dextrose solutions and found that patients 
varied as to their reaction, but, in general, took up only slight amounts 
of the dextrose. 

McNealy and Willems, in 1929, working with isolated loops of the 
large and small bowel of the dog, gave this problem renewed interest. 
They introduced known amounts of dextrose into the colon or ileum 
and studied the changes quantitatively. They also studied the ileal, 
colic and peripheral venous blood sugar during the experiment. They 
used a 5 per cent dextrose solution and found that from 0.3 per cent 

16. Varela and Rubino; Med. Klin. 18:831, 1922. 

17. Carpenter, T. M. : Human Metabolism with Enemata of Alcohol, Dextrose, 
and Levulose, publ. 369, Washington, D. C., Carnegie Institution, 1925. 

18. Bingel, A.: Therap. d. Gegenw. 46:436, 1905. 

19. Franke, W., and Wagner, R. J. : J. Metab. Research 6:375. 1924. 

20. Levi, D. ; Brit. J. Surg. 15:282, 1927. 
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to as much as 2.6 per cent of the dextrose was lost from the large 
bowel, with a corresponding loss of from 23.3 to 59 per cent from the 
ileum OA^er the same time interA^al. They found that the colic venous 
blood sugar fell, while the blood sugar from the ileal vein in the ileal 
experiments rose. They concluded that a 5 per cent dextrose solution 
was of little or no nutritional value when administered rectally. They 
suspected the presence of an incompetent ileocecal valve as the basis 
for some of the experimental and clinical success reported in the litera- 
ture. Later,-^ they reported the effect of sodium chloride on dextrose 
absorption from the colon and found that, although the percentage of 
absorption was slightly greater, it was not sufficient to be of practical 
importance. 

Pressman -- gave 33 per cent dextrose solutions by rectum and by 
mouth to human beings and observed the blood sugar curves for a period 
of four hours. He found that the peripheral blood sugar level fell 
after the introduction of dextrose into the rectum without any significant 
preliminary rise. He recoA^ered an average of 24 per cent from the 
colon after four hours. He stated that 90 per cent of the dextrose Avas 
destroyed by incubation Avith feces in seA^en hours. De Takats,^® in 
1931, gave 1,000 cc. of 5 per cent dextrose to patients under the skin, 
by mouth and by boAvel. The blood sugar level rose after introduction 
of dextrose under the skin and by mouth. When the dextrose Avas given 
by rectum, the blood sugar fell during a period of tAvo hours. He 
noted that no dependence could be placed on the amount absorbed by 
rectum, and that insulin reactions occurred AAffien this method of entry 
Avas depended on in the diabetic person. 

Scott and Zweighaft, in experiments on medical students, investi- 
gated the blood sugar changes following the rectal administration of 
dextrose. They found no rise in the peripheral blood sugar after the 
administration of 180 cc. of a 15 or 30 per cent solution of dextrose. 
They also found that, after the rectal introduction of 200 cc. of a 10 
per cent dextrose solution, the blood sugar level fell about 10 mg. per 
hundred cubic centimeters, Avhile after the administration of 400 cc. of 
a 10 per cent dextrose solution the fall AA'as about 7.5 mg. per hundred 
cubic centimeters. They concluded that the fall in blood sugar was 
due to panci-eatic action or chance A^ariation. They Avere able to 
recoA’^er from 25 to 50 per cent of the dextrose they had administered. 

Since this paper A\'ent to press, Perusse has published data that 
led him to make the folloAving statement: “We can then perhaps come 

21. R. W., and Willems, J. D. : The Absorption of Dextrose from 
the Colon : II. A Study of the Effects of Oiemical Excitants and of Stimulants 
of Dextrose Enema, Arch. Surg. 22:649 (April) 1931. 

22. Pressman, J. J. : Am. J. If. Sc. 179:520, 1930. 

23. de Takats, G. : Am. J. Surg. 11:39, 19£1. 

23a. Perusse; Surg., Gynec. & Obst. 54:770, 1932. 
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to the tentative conclusion that 1 per cent glucose solution is the ideal 
for restoring water balance and for supplying some degree of nutrient.” 

COMMKXTS ON I’RUVIOUS EXPERIMENTAL AND CLINICAL 

OBSERVATIONS 

There are certain obvious objections to the methods used by some 
of the investigators whose work has been cited. The “washout” method 
has been widely criticized on the ground that it fails to consider 
adequately: (1) bacterial action on the introduced dextrose; (2) the 
fact that reverse peristalsis may cany the solution beyond the reach of 
recovery, or even through an incompetent ileocecal valve into the ileum 
where absorption may occur. 

Recent investigations of the responsibility of bacterial action for the 
loss of some of the dextrose from the large bowel give contradictor}' 
results. Cori,-"* in 1925, incubated the small intestines with known con- 
tained quantities of dextrose for from three to five hours at 37 C., and 
he concluded that the amount of dextrose lost in this part of the bowel 
by bacterial action was so small that it was negligible. Bingel 
incubated fecal material with dextrose and claimed that the quantity lost 
through bacterial action was equal to the amount supposed to have been 
absorbed. Pressman -- incubated dextrose and feces for seven hours. 
He found that nearly 90 per cent of the dextrose had been destroyed. 
McNealy and Willems - avoided the question of loss of dextrose in 
this manner by using a short period of experimentation. 

Experimental and clinical data demonstrate that the incompetency 
of the ileocecal valve may play a large part in those instances in which 
absorption has been demonstrated. Cannon found that large injec- 
tions into the colon go into the small intestine by means of anti- 
peristalsis. Case stated that the true cause of insufficiency of the 
ileocecal valve is overdistention of the right half of the colon. He * 
found insufficiency in one sixth of 1,500 cases of constipation, observed 
roentgenologically. A personal communication from Pendergrass 
supports this observation. 

Other methods for the solution of the problem of dextrose absorp- 
tion have been offered. Salvesen reported a fall in the inorganic 
phosphates following injection of dextrose into the blood stream. 
Bollinger and Hartman and Harrop and Benedict have also 

24. Cori, C. R; J. Biol. Chem. 66:691, 1925. 

25. Cannon, W. B.: Am. J. Physiol. 6:251, 1902. 

26. Case, J. T. : Arch. Roentgen Ray 19:375, 1915. 

27. Pendergrass, E. P.: Personal communication. 

28. Salvesen, H. A.: J. Biol. Chem. 56:443, 1923. 

29. Bollinger, A., and Hartman, F. W. ; J. Biol. Chem. 64:91, 1925. 

30. Harrop, G. A., Jr., and Benedict, E. M. : J. Biol. Chem. 59:683. 1924. 
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reported changes in the inorganic phosphates of the serum after injec- 
tions of dextrose. I am not aware that the level of blood inorganic 
phosphates has been used as a measure of the absorption of dextrose 
from the colon. The use of the respiratory quotient in this type of 
experiment is open to some question unless the results are striking. 
Brodie,®^ in 1910, demonstrated that the introduction of distilled water 
into the bowel might cause increased oxygen consumption. 

Diabetic patients show a marked variation in the readiness with 
which the liver glycogen may be mobilized in response to nervous 
stimulation and to mechanical pressure changes in the intestinal tract. 
This factor, as brought out by Smith in 1930, may influence the 
respiratory quotient. Furthermoi'e, the sensitive patient may show a 
slight rise in the sugar in the blood from the mere insertion of a rectal 
tube with a later and more marked rise in the blood sugar if the amount 
of solution introduced into the rectum is sufficient to cause marked 
distention of the intestine. This reversal of glycogen synthesis may be 
responsible for the increase in the respiratory quotient noted. 

So far as I have been able to ascertain from a careful search of the 
literature, no one whose experiments have been controlled has found 
the marked alterations of the peripheral venous blood sugar after the 
rectal administration of dextrose which are encountered when dextrose 
is given by mouth. 

Cori,®® after investigation of the alimentary absorption of dextrose, 
has concluded recently that the peripheral blood sugar curve is not a 
measure of intestinal absorption. Magee and Reid,®^ on the contrary, 
have concluded that the dextrose curve is an index of intestinal 
absorption. They compared the portal and systemic blood during 
the absorption of dextrose from the intestine and found that the pre- 
, absorption values were practically always identical, but that about three 
minutes after the ingestion of the solution the portal blood sugar had 
risen about 20 mg. higher than the systemic blood sugar. These relative 
positions were approximately maintained until the end of the experi- 
ment. They assumed that the difference between the curves could be 
interpreted to represent the balance between the effects of hepatic 
function and of tissue metabolism on the blood sugar, and the systemic 
(venous) curve afforded as good an index of the rate of absorption as 
the portal curve. 

31. Bro^e, T. G.; CulHs, W. C, and Halliburton, W. D.: J. Physiol. 40:173, 
1910. 

32. Smith, B. : California & West. Med. 33:857, 1930. 

33. Cori, C. : Physiol. Rev. 11:143, 1931. 

34. Afagee, H. E., and Reid, E.: J. Physiol. 73:163, 1931. 
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Tlic stvoni^Ui of the solution used iu the bowel in attempting to 
demonstrate absorption has varied considerably. Goldschmidt observed 
that the absorption from the entire length of the intestinal tract, so far 
as sodium chloride was concerned, involved a similar mechanism, and 
that the mechanism could be qualitatively explained by the known laws 
of osmosis. Theoretically, a 4.9 per cent dextrose solution has the 
same osmotic tension as physiologic solution of sodium chloride. Haus- 
man demonstrated that hypertonic solutions may produce undesirable 
results. He caused death in rats through the withdrawal of large 
quantities of water into the peritoneal cavity by means of a 50 per cent 
solution of dextrose. Certain of the variations in the results of different 
investigators may be explained by the difference in the concentrations 
of dextrose which were used. 

In consideration of the literature and experimental data covered in 
this resume, an experiment on the problem of dextrose absorption from 
the intestinal tract in the normal, the pancreatectomized and the 
insulinized animal was outlined which: 

(1) Eliminated the ileum and isolated the colon and rectum. 

(2) Considered the absorption of isotonic as well as hypertonic dextrose 
solution in the normal dog and isotonic dextrose solutions in the pan- 
createctomized, hyperglycemic, and in the insulinized, hypoglycemic, dog. 

(3) Eliminated the possibility of intestinal putrefaction or bacterial action as 
a great factor in the loss of dextrose by careful cleansing of the bowel 
and by limiting the time of the experiment. 

(4) Measured the absorption of dextrose in three ways simultaneously : 

(а) recovery and washings 

(б) peripheral blood sugar studies 

(c) colonic blood sugar studies 

(5) Was controlled in the following ways: 

(a) Similar experiments were made with loops of ileum of equal length 
where dextrose absorption is known to take place. 

(b) An inert substance (paraffin oil) was introduced into the colon and 
rectum to control possible alterations in the blood sugar due to 
mere filling of the bowel. 

(c) Loss of dextrose through bacterial action and mere handling was 
determined by the incubation of a known dextrose solution within a 
colon and rectum removed from a freshly killed animal, washed and 
prepared in a similar manner over the same time period. 

(d) The possible presence of large amounts of nondextrose copper- 
reducing substances was eliminated by the introduction of distilled 
water into the colon and rectum under like methods and titration 
of the recovered solution by the same method used in the colonic 
dextrose determinations. 


35. Goldschmidt, S. : Physiol. Rev. 1:421, 1921. 

36. Hausman, W. : Wien. klin. Wchnschr. 38:332, 1925. 
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EXPERIMENTAL METHOD 

In tlie experimental ivork twenty-four dogs were used. They were of mongrel 
breeds, and weighed from 7 to 32 Kg. The average weight was about 10 Kg. 
All dogs received their last feedings at 4 o’clock on the day before the experiment. 
Sodium amytal (sodium iso-amyl ethyl barbiturate) anesthesia was employed, 
SO mg. per kilogram of body weight being introduced intraperitoneally. Nearly 
all the dogs went to sleep without excitement and slept quietly throughout , the 
entire experiment with deep, slow respiration, although there was an occasional 
exception to this. 

The abdomen was opened, and the appendix with the adjacent ileum was 
mobilized and brought into the wound. Two ligatures were passed around the 
ileum at its cecal junction and tightly tied. The tip of the appendix was then 
removed, and a glass cannula with an attached fenestrated rubber tube was 
inserted through the appendix into the cecum. The fenestrated rubber tube 
prevents collapse of the bowel for a distance of about 3 inches. Two ligatures 
were used to fasten the stump of the appendix about the cannula. Another rubber 
tube was attached to the end of the cannula which projected from the appendical 
stump. 

The colon was washed out throughly by running warm tap water into the 
appendical cannula by means of a funnel. When the water coming from the 
rectum was clear, a tube similar to that in the cecum was inserted into the rectum. 
Leakage around the tube was prevented by means of a purse-string suture placed 
in the rectal sphincter. The colon was again flushed with warm tap water. Any 
fluid remaining was then forced out by gently passing air through the appendical 
cannula and elevating the head of the table. The operative procedure rarely took 
longer than thirty minutes. 

Specimens of blood were taken from one of the veins draining the colic blood 
and from the exposed femoral vein. After the colon was carefully evacuated so 
that the bowel was collapsed, the rectal tube was clamped, and a dextrose solution 
of desired strength and known amount was allowed to run into the system at a 
pressure not exceeding ISO mm. of the solution. When the bowel appeared to be 
full, but not unduly distended, the appendical clamp was closed. The quantity of 
solution introduced varied with the size of the animal, 158 and 238 cc. being the 
lowest and highest amounts used. All solutions were warmed to 38.S C. before 
being placed in the bowel. The abdominal incision was then closed, the appendical 
cannula extending through the closed wound. 

Specimens of blood from the femoral vein were taken at half hour intervals. 

At the end of two hours the last specimen was taken, the abdomen again opened, 
and a specimen withdrawn from the colic vein. Difficulty in the control of hemor- 
rhage from the colic vessel prevented the withdrawal of blood at more frequent 
intervals. Following the collection of the blood specimens, the solution remaining 
within the bowel was forced through the rectal cannula into a beaker by means 
of air. The head of the table was again elevated in order to facilitate the 
recovery of fluid. The bowel was flushed with 250 cc. of distilled water, this 
solution also being forced out into a second beaker by means of air and elevation 
of the head of the table. It is of interest that, of the 250 cc. of wash water 
introduced at this time, it was not unusual to recover all 250 cc. Occasionally 
a few cubic centimeters was lost and, at other times, 2 or 3 cc. more was 
recovered. A series of experiments on the ability to recover known amounts of 
fluid by this method showed that the error averaged 2 per cent (± 2 per cent). 

At the close of the e.xperiment the animal was killed, and a section of the colon 
was removed for microscopic e.xamination. 
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In tlie experiments on the ileum, loops approximatclj’ equal in length to the 
colon were isolated near the terminal portion. The loops were eannulated with 
Paul tubes with attaehed fenestrated rubber tubes. Blood specimens were with- 
drawn from the large ileal vein opposite the selected loop. 

The pancreatectomies were performed under sodium amyfal anestlicsia. The 
operations were done with aseptic technic, and the pancreas was removed with 
no injury to the duodenal vessels. A specimen of tlic blood sugar during fasting 
was taken before pancreatectomy, the morning following and each morning there- 
after. When the blood sugar level during fasting indicated marked hyperglycemia, 
the absorption e.xperiments were performed. Blood sugar levels prior to the 
de.xtrose absorption experiments varied from 225 to 325 mg. per hundred cubic 
centimeters. The interval between pancrcatectonn' and the dextrose absorption 
e.xperiment varied from two to four days. 

For the hypoglycemic animals, the following method was used. Specimens of 
blood from the peripheral and colic veins were taken, following which 10 units of 
insulin per kilogram of body weight was given subcutaneously. After a lapse 
of one-half hour, blood was again taken from the colic and femoral veins and 
the de.xtrose solution introduced, after which the absorption experiment was 
carried out in the usual manner. 

All dextrose solutions were prepared from Bacto-dextrose. The de.xtrose in 
each instance was weighed and diluted to volume, after which the solution was 
titrated for the concentration of dextrose present. The latter figure is used 
throughout in the final calculations. 

The effect on the blood sugar level of the introduction of an inert substance 
(paraffin oil) into the colon was observed in several experiments. These experi- 
ments were performed in the same manner as the usual absorption experiment, 
e.xcept that warmed paraffin oil wais allowed to flow into the colon instead of the 
usual dextrose solution. 

The effect of bacterial action and handling on a known amount of de.xtrose 
solution in a completely excised colon from a freshly killed animal was tested. 
The excised colon was washed and prepared in a manner similar to that used in the 
intact animal. Seventy-five cubic centimeters of an approximately 5 per cent 
dextrose solution containing 3.31 Gm. of dextrose was placed within the bowel, 
and the entire preparation placed in a beaker and incubated at 37.5 C. for two 
hours. At the end of that time the solution was recovered. The bowel and 
beaker were washed with 250 cc. of distilled water, and the dextrose content of 
each solution was determined. 

All solutions recovered, as well as washings, were quantitative!}’ analyzed by 
the Benedict method immediately after completion of the experiment in order to 
eliminate the possibility of loss of dextrose through standing and bacterial action. 
Some of the solutions, especially when hypertonic dextrose was used, contained 
mucus, so that it was necessary to filter or centrifugate them before titration. 

Because of the fact that the Benedict method is based on the reduction of 
copper, it was necessar}’ to determine the possible presence of nonde.xtrose copper- 
reducing substances in the solutions exposed to the intestinal mucous membrane. 
For this experiment the colon of an anesthetized animal was prepared in the 
usual manner, and 200 cc, of distilled water was introduced. .Mter the lapse of 
two hours, the solution was withdrawn in the usual way and titrated by the 
Benedict method.^' 


37. Benedict, S. R. : The Detection and Estimation of Glucose in the Urine. 
J. .A.. M. A. 57:1193 (Oct. 7) 1911. 
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All blood sugar determinations were made in duplicate by the Hagedorn and 
Jensen micromethod.*® In several of the earlier experiments, Dr. Leon Jonas 
made simultaneous determinations by the Folin-Wu method. Except for the slightly 
lower level of the former determinations, the results were approximately the 
same. 

RESULTS 

The Absorption of a 5 Per Cent Dextrose Solution from the Ileiini . — 
In tables 1 and la the results from three experiments are given. In 
every experiment water and dextrose were absorbed, and the concentra- 
tion of the dextrose in the loop fell. There is a close relationship 


Table 1. — Five Per Cent Dextrose Solution in Ileum of Normal Dog 
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Table la. — Peripheral and Ileal Venous Sugars Following Introduction of 5 Per 
Cent Dextrose Solution in Ileum of Normal Dog 


Peripheral Venous Sugars, Ileal Venous Sugars, 

Mg. per 100 Cc. Mg. per 100 Ce. 

A ! - - , - A 


Dog No. 
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between the removal of water and absorption of dextrose, but dextrose 
apparently was absorbed' more rapidly than water. The mean loss of 
fluid was 17.6 per cent, and the mean loss of dextrose, 27.3 per cent. 

The peripheral venous sugars showed a tendency to rise. There is 
no correlation between the percentage of absorption of dextrose and the 
change in either the peripheral venous or the ileal blood sugars. In fact, 
of the two experiments in which ileal venous sugars were determined, 
the larger amount of dextrose absorption was associated with the 
smaller change in the ileal venous sugar. 

38 . H^Tdorn, H. C, and Jensen. B. .V.: Bioebem. Ztschr. 135 : 46 , 1923; 
137:92, 1923. 
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7 he . !h.<oii-!;o;i oj n .■! }'rr ( nil Dextrose Solution frouitlic Colon . — 
i'.iuiil rxporiincnt*- talnilatcd in tables 2 and 2a. There is a striking 
dilicrciKe in tlie mean Inss of Hnid in these e.xperiments as compared 
(ij the ileal experiments. In only one ol the eight experiments did the 
percentage of absorjuitm of water exceed the minimnm percentage of 
absorption in the first group. 

.■Milunigh the actual amonnt r»f dextrose introduced was greater in 
nearly every experiment, the mean percentage of absorption of dextrose 
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Table 2a. — Peripheral and Cotic Venous Sugars Fotlo-iving Introduction of 5 Per 
Cent Dextrose Solution in Colon of Normal Dog 


Peripheral Venous Sugars, 
Mg. per 100 Cc. 
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from the colon was decidedly less. There are, however, a slightly 
greater mean loss of dextrose than of water and a tendency for the 
concentration of the solution to fall slightly. Considered from the 
standpoint of actual loss of dextrose over a two hour period, however, 
the amount is indeed small, 90 per cent or more having been recovered 
after a two hour period. 

In four animals the peripheral venous sugar changed very little. 
The changes that did occur were not alwa 3 fs in the same direction. In 
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three experiments the initial blood sugar was high, a condition that is 
believed to be due to the excitation associated with the induction of 
anesthesia. The colic venous sugar was likewise high in these animals. 
There is no indication from the estimations of the colic venous sugar 
that dextrose was being absorbed rapidly. 

Taken as a whole, the data do not support the hypothesis that any 
considerable amount of dextrose is absorbed in this type of experiment. 

Histologic studies of the colon at the conclusion of the experiment 
showed a normal bowel. 

Table 3. — Seven Per Cent Dextrose Solution in Colon of Normal Dog 
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Table 3a. — Peripheral and Colic Venous Sugars Following Introduction of 7 Per 
Cent Dextrose Solution in Colon of Normal Dog 


Peripheral Venous Sugars, Colic Venous Sugars, 

Mg. per 100 Cc. Mg. per 100 Cc. 
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87 

90 


The Absorption of a 7 Per Cent Dextrose Solution from the Colon. 
— It was considered advisable to repeat the experiments on the colon, 
with hypertonic solutions of dextrose. In tables 3 and 3o are 
reported two experiments in which an approximately 7 per cent solu- 
tion was used. At the end of the two hour period the amount of fluid 
in the large bowel was greater than that introduced. No definite con- 
clusions can be drawn from the two experiments, but the range of 
dextrose absorption is within the limits of that obtained when a 5 per 
cent solution was used'. 

The peripheral and colic venous sugars tended to rise slightly, but 
there is a complete lack of correlation between the actual amount of 
dextrose lost and the changes in the peripheral blood sugar levels. 
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The histologic studies of the colon femoved at the conclusion of 
the experiment showed only a slight increase in vascularity as evidenced 
by the greater number of filled capillaries. 

The Absorption of a 10 Per Cent Dextrose Solution from the 
Colon . — In tables 4 and Aa are tabulated the results obtained from two 
experiments in which a more concentrated solution was used. As would 
be expected, the increase in the fluid content of the loop was even 
greater than when a 7 per cent solution was used. The concentration 
of dextrose was reduced, but this was largely due to the diluting effect 

Table 4. — Ten Per Cent Dextrose Solution in Colon of Normal Dog 
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Table 4a. — Peripheral and Colic Venous Sugars Folloiving Introduction of 10 Per 
Cent Dextrose Solution in Colon of Normal Dog 


Peripheral Venous Sugars, ’ Oolie Venous Sugars, 

Mg. per 100 Cc. Mg. per 100 Cc. 

A . A , 


Dog Xo. 

Start 

% Hour 

1 Hour 

1% Hours 

2 Hours 

start 

2 Hours 

20 

95 

SO 

95 

87 

88 

94 

107 

410 

90 

95 

88 

85 

82 

88 

101 


of the ■ inflowing fluid. The mean amount of dextrose lost is slightly 
greater than that lost when a 5 per cent solution was used. 

The peripheral venous sugar was lower at the conclusion of the 
experiment than at the beginning, while the colic venous sugar had 
increased in each experiment by 13 mg. per hundred cubic centimeters 
of blood. 

The sections of the bowel removed at the conclusion of the experi- 
ment were similar to those removed from the previous group in that 
the only evidence of change was an increase in the number of filled 
capillaries. 

The Absorption of a 5 Per Cent Dextrose Solution from the Colon 
of the Pancreatectomized Dog . — Five experiments are reported in tables 
5 and Sa. The hyperglycemia in these animals was considerably greater 
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than that of the animals in group 2, 'who were excited during the 
induction of the anesthesia. The mean percentage of fluid absorbed 
was slightly greater than when a similar concentration of dextrose was 
placed in the colon of the normal dog. However, if the data from dog 
387 are eliminated, the percentage of fluid absorbed is within the range 
of the normal animals. There is no evidence that dextrose is more 
rapidly absorbed under the conditions of this experiment. The per- 
centage range of dextrose absorption in the five experiments is large. 


Table S. — Five Per Cent Dextrose Solution- in Colon of Pancreatectomized Dog 
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Table 5a. 

— Peripheral and Colie Venous Sugars Following Introduction of 5 Per 
Cent Dextrose Solution in Colon of Pancreatectomized Dag 



Peripheral Venous Sugars, 

Mg. per 100 Cc. 

Colic Venous Sugars, 
Mg. per 100 Cc. 

Dog No. 

start 

% Hour 

1 Hour 

1% Hours 2 Hours 

Start 

2 Hours 

387 

278 

201 

276 

265 200 

250 

290 

300 

315 

299 

311 

299 

303 

268 

362 

225 

196 

175 

220 

2*14 

261 

450 

325 

310 

315 

298 2S4 

263 

295 

540 

258 

253 

271 

279 271 

252 

261 


but the mean dextrose absorption is approximately the same as in the 
previous experiments. Again there is a tendency to^vard a reduction 
in the concentration of the dextrose in the colon. 

The peripheral and colic venous sugars show no consistent changes. 
There is a tendency for the peripheral venous sugar to decrease, but in 
dog 540 it increased. The colic A^enous sugars rose in four of the fiva 
experiments, and there appears to be some correlation between the 
percentage of absorption of dextrose and the rise in the colic venous 
sugar. In the one experiment in AA'hich a fall occurred in the colic 
venous sugar, there was no evidence of dextrose absorption. 
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Tlie sections of the colon were entirel)’’ normal. 

The Absorption of a 5 Per Cent Solution of Dextrose from the 
Colon of the Hypoglyeeinic Dog. — The results in two animals made 
hypoglycemic by the subcutaneous injection of 10 units of insulin per 
kilogram of body weight one-half hour before beginning the experi- 
ment are reported in tables 6 and 6a. The percentage of fluid absorbed 
is small indeed, the lowest for an}’^ group iu which approximately iso- 
tonic solutions were used. The striking feature, however, is the 

Table 6. — Five Per Cent Dextrose Solution in Colon of InsuUniced (Hypo- 

glyceinie) Dog 
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Table 6a. — Peripheral and Colie Venous Sugars Following Introduetion of 5 Per 
Cent Dextrose Solution in Colon of Insuliniacd (Hypoglycemie) Dog 


Peripheral Venous Sugars, Colic Venous Sugars, 

Mg. per 100 Cc. Mg. per 100 Cc. 


Dog 

No. 

Before 

Insulin 

start 

% Hour 1 Hour 

1 % Hours 

2 Hours 

start 

-A.- ^ 

2 Hours 

161 

84 

81 

72 55 

41 

29 

74 

37 

759 

135 

99 

78 67 

55 

57 

85 



relatively rapid absorption of dextrose, a mean of 21.7 per cent of that 
injected being lost in the two hour period. In these experiments 
dextrose was leaving the colon much more rapidl}'^ than was water. 

The peripheral and colic venous sugars fell throughout each experi- 
ment so that, even though considerable dextrose was absorbed, the 
insulin was sufficient to prevent it from maintaining a constant sugar 
level. It must be considered, however, that the dose of insulin was 
unusually large. This dosage was used purposely in order to determine 
whether the rate of absorption from the colon could be increased under 
the conditions of a marked blood dextrose deficit. 

The Effect of the Introduction of an Inert Substance (Paraffin Oil) 
into the Colon on Blood Sugar Levels. — Two experiments were per- 
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formed (table 7) in each of whidi paraffin oil similar in volume to the 
dextrose used in the earlier experiments was placed in the isolated colon. 
Specimens of blood were removed from the peripheral and colic veins. 
These showed slight variations. The colic venous sugars tended to go 
to lower levels at the end of the two hour period. 

Bacterial Action . — The effect of bacterial action and handling on a 
known amount of dextrose solution in a completely excised colon, from 
a freshly killed animal, washed and prepared in a manner similar to the 
method used in the intact animal, was also tested. The 75 cc. of a 4.7 
per cent solution of dextrose which was introduced contained 3.31 Gm. 
of dextrose. The bowel and its contents were placed in a beaker and 
incubated at 37.5 C. for two hours. At the end of that period, 70 cc. 
of the solution was recovered which contained 3.08 Gm. of dextrose. 
The washings contained an additional 0.14 Gm. of dextrose, bringing 


Table 7. — Peripheral and Colic Venous Sugars Following Introduction of 
Paraffin Oil in Colon of Normal Dog 


Peripheral Venous Sugars, Colic Venous Sugars, 

Mg. per 100 Cc. Mg. per 100 Cc. 

- , 


Dog 

No. 

Weight, 

Eg. 

Oil, 

Cc. 

start 

% Hour 

« 

1 Hour 

1% Hours 

r- 

2 Hours 

Start 

End 

1034 

S.8 

132 

102 

103 

103 

90 

104 

102 

92 

1046 

7.7 

154 

113 

115 

114 

122 

112 

100 

101 


the total amount recovered to 3.22 Gm. The dextrose lost through 
possible bacterial action and failure to recover was estimated at 2.6 
per cent of the quantity introduced. 

Determination of Nondextrose Copper-Reducing Substances in the 
Solutions Exposed to the Mucous Membrane of the Bozvel . — Of the 
210 cc. of tap water introduced into the colon of the living dog, but 
150 cc. of fluid was recovered after the lapse of two hours. Titration 
was done by the Benedict method.*^ It was impossible to arrive at an 
end-point by using the entire 150 cc. recovered from the loop. Calcu- 
lated at this point, the concentration of the reducing substances would 
be less than 0.03 per cent, and, from the color of the copper solution 
remaining, it would be safe to state that the amount was even lower 
than this. Even at the former level, the quantity is insignificant. 

This experiment likewise demonstrates that tap ivater is readil}’^ 
and quickly taken up by the colon to the extent of 28.5 per cent in this 

one case. 

Venous blood sugar determinations were made as well in this dog. 
The determinations of the peripheral and colic venous blood sugar 
showed little change. 
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COMMENT 

It is evident from these experiments that there is a marked difference 
in the ability of the ileum and colon of the dog to absorb dextrose. 
In a two hour period, the normal anesthetized dog being used, the 
rate of absorption of dextrose from solutions varying from approxi- 
mately 5 to 10 per cent was indeed small. The percentage of dextrose 
absorption is slightly greater than that given by McNealy and Willems “ 
for 5 per cent solutions, but this may be due to the use of the large 
rectal ampulla. There appears to be a slightly greater absorption when 
10 per cent solutions are used, but even here the actual amount absorbed 
was so small that even though the same rate could be maintained for a 
twenty-four hour period, the total dextrose absorbed would amount to 
only 27.7 Gm. 

In two of the pancreatectomized animals the percentage absorption 
was considerable, but when calculated for the total amount absorbed, 
it is of little significance, a mean in all the pancreatectomized dogs of 
only 0.77 Gm. being absorbed over the two hour period. 

It is interesting to note that, when a definite blood sugar deficit was 
maintained, as in the experiments on the hypoglycemic dogs, the per- 
centage of absorption of dextrose was higher than in any of the colonic 
experiments and approximated the rate of absorption from the ileum. 
It would appear from these experiments that there may be some founda- 
tion in the observation of clinicians that diabetic persons in shock are 
improved by rectally administered dextrose. However, when time is an 
essential factor, it would not be wise to place the sole reliance on this 
method of administration of dextrose because the absorption is so slow. 

The findings of McNealy and Willems" in regard to the rate of 
water removal when solutions of dextrose are placed in the large bowel 
have been confirmed. Tap water is absorbed much more rapidly. 
With the exception of one animal (dog 387, table 5), nothing approxi- 
mating this rate of removal was observed in any of the experiments 
on the colon in which dextrose was ■ used. Clinical experience has 
demonstrated that this is also true in man. 

The blood sugar studies indicate that they are of little use as an 
indication of absorption where the rate of absorption is small. The 
findings in normal subjects presented in this paper are in essential 
agreement with those of Scott and Zweighaft.^ There appears to be no 
direct correlation between the amount of dextrose absorbed and the 
peripheral blood sugar level. This maj'- be due to the slow rate of 
absorption and to the stimulation of some mechanism which increases 
dextrose withdrawal from the blood stream. In the e.xperiments in 
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which 7 and 10 per cent solutions of dextrose were placed in the colon, 
and in the pancreatectomized dogs, the colic venous sugars show some 
correlation with the amount of dextrose removed from the colon during 
the two hour period. 

SUMMARY 

Dextrose solutions are al^sorbed at a low rate when placed in the 
entire colon of the dog. Hypertonic solutions (10 per cent) are 
absorbed little faster than are isotonic solutions. When a marked 
dextrose deficit occurs in the blood, dextrose can be absorbed from 
the colon approximately as rapidl)"^ as it can be from a low ileal loop 
of the noninsulinized dog. The presence of dextrose in the solution in 
the colon, in the concentration used, causes a retardation in the rate of 
water absorption. The total amount of dextrose which can be adminis- 
tered and absorbed from the colon under the best conditions would 
appear to be too small for an}' considerable immediate therapeutic effect. 



SELECTIVE STAINLXG OF DISEASED AREAS IN 
CARTILAGE BY INTRA-ARTICULAR 
INJECTION OF DYES 

AX EXPERIMENTAL CADAVER STCDV, WITH SPECIAL REFERENCE 

TO ARTHROSCOPY 

MICHAEL S. BURJ.IAN, M.D. 

NEW YORK 

The iiitra-articular injection of dyes is not a new procedure, though 
practiced only from the experimental standpoint to determine the absorp- 
tive capacity of the synovial membrane and the paths of absorption. A 
re^^ew of the literature indicates that no attention has been paid to the 
gross staining of cartilage by dyes. Tillmanns, in 1876, injected berlin 
blue into the bony canals of the amputated femurs of his experimental 
animals, after cutting away the bony plate that intervenes between the 
femur and the joint cavity. He intended to study the absorptive power 
of the synovia, without injuring either synovia or capsule. In seven 
cases, he noted a superficial staining of cartilage, easily washed out by a 
stream of water. Schreiber of Tubingen, in 1904, in analyzing the con- 
stituents of Belchier’s madder, noted that purpurin, injected into the 
dorsal lymph sac of the frog, stained cartilage vitally a purple hue. 

The gross staining reactions of cartilage in disease, as in jaundice 
and hematoporphyrinemia, are interesting. One deals here with pig- 
ments circulating in blood. Whether this is the case in ochronosis, which 
stains cartilage blackish, is still mooted. It is affirmed in all textbooks 
of pathology that in jaundice cartilage is not stained intra vitain. We 
have had several occasions to verify this. Schmorl has shown that the 
degenerated cartilage of intervertebral disks does take up the icteric 
stain intra vitam. It is the custom in the Pathologic Institute in Dresden 
to remove the entire right femur for examination. On the right side, 
then, in all cases of jaundice, the cartilage of the patella, of the femoral 
and tibial condyles and even of the menisci was stained green, the inten- 
sity of color var}dng with the length of exposure to air. When the left 

AU the work on cadavers w'as done at the Pathological Institute of the 
Krankenhaus der Friedrichstadt-Dresden, through the kindness of Geheimrat 
Schmorl, during a period of time when I was Scholar of the Henry W. Frauenthal 
Traveling Scholarship. The animal work was done at the Hospital for Joint 
Diseases, New York, with the assistance of Dr. iM. Langsam and through the 
kindness of Dr. Henry Jaffe. 
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or untouched knee joint was opened or was examined through the 
arthroscope, the cartilage and menisci were noted as definitely not 
stained. 

This work was undertaken as a collateral study to arthroscopy/ fol- 
lowing a suggestion of Professor Schmorl that it would be interesting to 
observe through the arthroscope the formation of arthritis experi- 
mentally produced by the use of colored irritants. I determined 
to test the general effect of a dye on the cartilage of cadavers recently 
deceased. I used the standard laboratoiy solutions of the various 
dyes used for tissue staining, diluted about 1 : 10 with water. The dye 
used was injected into the joint, usually the knee joint, and was immedi- 
ately washed out by continuous irrigation. In many cases, the joint was 
then examined through the arthroscope to determine just what had 
happened in the interior of the joint. After a thorough examination, the 
findings were verified b}'' opening the joint. 


RESULTS 


The following is a report of the work done. 

Eosin . — Eosin apparently stains eroded areas on cartilage selectively 
and instantaneously ; that is, normal or almost normal cartilage does not 
stain. The usual eroded areas on the under surface of the patella and 
on top of the intercondyloid notch stain particularly well. The stain is 
deep in the eroded areas but does not extend to bone. The greater.the 
erosion, the deeper is the stain. Degenerated areas in cartilage, showing 
no particular erosion, stain from a light to a deep pink, though with not 
as great a selectivity as areas of erosion. Areas of “Wucherung” or 
overgrowth of new cartilage or fibrous tissue may stain better and 
deeper than small areas of erosion. Eosin, injected into a normal joint, 
will not stain cartilage. When the joint is opened and eosin is poured 
over the cartilage of the opened joint, all cartilage, whether normal, 
degenerated or eroded, stains almost uniformly. This may be due to 
exposure to air — the only explanation we can offer thus far for this 
phenomenon of paradoxical staining. Acid, such as hydrochloric acid, 
injected into the joint previous to the injection of the dye does not alter 
••■he staining powers of the dye. 

Most of the joints into which eosin was injected were those of 
elderl)'- people having arthritis of varying degree. Not only does car- 
tilage stain, but it is seen that the synovial membrane, the crucial liga- 
ments and the semilunar cartilages (menisci) also stain. The semilunar 
cartilages stain variousl)% best on their superior and inferior surfaces, 
but never in their depths. The staining is more pronounced if the 


1. Burman, M. S. 
Experimental Cadaver 


: Arthroscopy or the Direct Visualization of Joints. 
Study, J. Bone & Joint Surg. 13:669 (Oct.) 1931. 
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cartilage is degenerated, and if the inner free edge is irregular and fuzzy. 
The synovial inenibrane does not slain uniformly or deeply, but in scat- 
tered areas, sometimes more or less diffusely, not depending apparently 
on sites of degeneration. The infrapatellar fat pad has been noted to be 
stained through and through, indicating that there is a rapid diffusion of 
the dye through the synovia. Fi'ee synovial villi stain a delicate pink at 
times. The crucial ligaments, especially the anterior crucial ligament, 
stain only slightly. The color docs not deepen on standing, when the 
opened joint is exposed to air. 

The stain is always superficial and is present only in the upper cell 
layers of cartilage. Light scraping of the cartilage with a knife removes 
the stained areas easily and indicates the superficialness of the stain. 

If hematoxylin is injected into the joint first and then eosin, 
after the hematoxylin has been washed out it is noted that the colors 
may mix or be separate, or that the pink of the eosin may overlie a 
clearly underlying blue of the hematoxylin. If, in the opened joint, 
hematox}din is poured over a previously eosin-stained joint, one can see 
the blue of the hematoxylin overlying the pink of the eosin, with no 
tendency to fusion of colors. Each stain is sepai'ate. If in the opened 
knee joint, one half of the tibial condyles are stained with alcoholic 
eosin and one half with watery eosin, one notes that the resultant stains 
are uniform and identical. 

Occasionally, when the d3'e is injected as from an inner puncture, 
the dye is noted to be confined to the inner half of the joint. This may 
be due to the fact that the joint is divided in halves by fat or adhesions 
that prevent the further spread of the dye. 

Alcoholic eosin was injected into a knee joint in each of two adult 
rabbits. There was no staining of the cartilage, which was normal, 
though somewhat brownish, but a deep pink staining of the synovia and 
soft tissues took place. In one case, the menisci stained slightl3^ When 
the dye was poured over the opened joint, the cartilage stained relativel3'’ 
uniformly but not deeply. The menisci stained well. 

Alcoholic and watery eosin stain cartilage alike. 

Through the arthroscope, it is noted that the joint space is colored a 
fluorescent green, while the cartilage and soft tissues stain pink. Eroded 
areas are well seen. There is no metachromasia. 

Eosin was injected into ten joints, alcoholic eosin into five and 
water3r eosin into five. Eosin ma3’’ be said to possess powers of selective 
staining, with particular predilection for eroded areas in cartilage and 
less for degenerated areas. 

Hematoxylin . — Hematoxylin was injected into three or four joints. 
The staining of cartilage is slight, instantaneous and superficial, and not 
washable, uniform, metachromatic or selective, though degenerated areas 
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seemed to take the stain well. Staining is never widespread. In one 
case, the hematox3din was injected into the knee joint of a deeply jaun- 
diced man (carcinoma of the pancreas). The stain was slight, and, on 
exposure of the cartilage to air, after the joint was opened, the blue of 
the hejnatoxylin inixed itself with the yellow-green of the jaundiced 
cartilage, producing a weird color effect. 

If hematoxylin is poured over the opened joint, it does not stain the 
cartilage uniforml}^ but a bit more diffusely than in the closed joint 
The combination of eosin and hematoxylin has been already noted. 

The semilunar cartilages stain on their superior and inferior sur- 
faces, though not diffusely. The free edge may stain a bit more deeply. 
The synovial membrane and the crucial ligaments stain only slightly. 

Acid hematoxylin (a brown solution) stains cartilage neither in the 
closed joint nor in the open joint. 

Hematox3din, as indicated in these few experiments, seems to be a 
weak dye, with no particular power of selectivity. 

Methylene Blue. — Meth}dene blue was injected into five joints, the 
alcoholic solution into three and the watery one into two. Two of the 
joints showed absolutely normal cartilage. Staining of cartilage, with 
either the alcoholic or the watery solutions, is instantaneous, very dif- 
fuse, superficial, nonselective and not washed away by a strong stream 
of water, both in normal and in arthritic joints. Cartilage stains diffusely 
and deeply blue, without regard to the nature of the cartilage, though 
certain areas in cartilage do not stain at times. The synovial mem- 
brane and its villi are well stained. The menisci stain completely both 
on their two surfaces and on their free edge. The crucial ligaments 
stain particularly well. The quadriceps bursa stains a deep blue. 

Metachromasia of soft tissues and of cartilage is definitely noted 
here, the color gamut being from blue to blue purple to red purple. 
This altered staining disappears on exposure to air. 

In one case, only the inner half of the joint (an inner puncture being 
used) was stained, fat apparently blocking the spread of the dye to the 
outer half of. the joint. 

Pouring the dye over the opened joint does not increase the intensity 
of stain or alter its type or extent. 

Alcoholic methylene blue was injected into a knee joint of each of two 
rabbits, with results identical to the foregoing ones. 

Through the arthroscope, after the dj'-e has been washed out, the 
stained areas are clearly visible. The joint space is a peculiar blue 
brown. 

Sudan III. This dye was used in two cases. Once, it was injected 

into the normal shoulder joint of a young man, with no staining of 
cartila<^e or synovia. In the second case, it was poured over the opened 
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knee joint of a man 34 years old, dead of tuberculosis; no immediate 
staining resulted. .After a few minutes’ exposure, fat was noted to be 
stained an orange yellow, and the fibrillar cartilage of the patella a slight 
yellow. 

Alcoholic Methyl Ffo/r/. — This dye gave a strong, diffuse, blue-violet 
staining of all structures within the knee joint in the two cases in which 
it was used. Cartilage stains blue-violet, with possibly a slight predilec- 
tion for degenerated areas. Synovia and its villi stain deeply blue. 
The semilunar cartilages stain diffusely well. The crucial ligaments 
stain well also. IMctachromasia was noted in one case. 

The stain deepens on exposure to air. If the dye is poured over the 
opened joint, the type or the extent of the staining is not changed. The 
staining of cartilage is superficial and instantaneous. 

Lithium Carmine. — This d 3 'e, when injected into the knee joint (one 
case), stains instantaneousl)', ver}^ superficially and with an apparent 
predilection for diseased areas in cartilage, i.e., selectivity in staining. 
^Vhen it is poured over the opened knee joint, it does not stain cartilage 
further. 

Neutral Red. — This dye was used in three knee joints. The stain 
is dark red, instantaneous, superficial and not washable; it is definitely 
selective for eroded areas in cartilage, and possibly less so for degenera- 
tive, fibrillar areas. Where the cartilage is fibrillar, the stain may then 
be diffuse. In one case, in an area of apparently normal cartilage, a 
deep staining took place; on cutting into the cartilage, a brown, degen- 
erated area was observed beneath the surface. Possibly, then, this dye 
has the power to reveal early areas of degeneration in cartilage, not as 
yet visible to the eye. The menisci of the knee joint, the crucial liga- 
ments and the synovia with its villi also stain a little. 

When the dye is poured over the opened joint, one also notes that 
this dye has a definite predilection and selectivity for eroded and dis- 
eased areas in cartilage, though the staining here is a bit more diffuse. 

A section of stained cartilage was examined by frozen section. It 
was noted that the stain was very superficial and confined to the upper 
cell layers, and stained the capsule, cells and intercellular substance 
equally well. The space between the capsule and cell, however, did not 
stain. 

Bismarck Brown. — ^This d 3 ^e was used in one case, giving a slight 
brown tinge to the cartilage. Poured over the cartilage of the opened 
joint, it did not stain. 

Two Per Cent Gentian Violet. — ^This dye (used in one knee joint) 
stains irregularty, diffusely, instantaneousl 3 q superficial^ and without 
powers of selectivit 3 ^ The staining is deep violet blue. All structures 



158 


ARCHIVES Of SURGERY 


stain almost cquall}' well (cartilage, crucial ligaments, menisci, synovia). 
When the dye is poured over the ojjened joint, similar staining results. 
The staining capacities of the dye were examined through the arthro- 
scope. 

Concentrated Orange Solution. — The dj'e was injected into one hip 
joint Avith no resultant staining. The d3'’e poured over the opened joint 
stained cartilage and synovial membrane slightly yellowish orange. 

Toluidina Blue. — The dye was injected into one knee joint. Certain 
areas in cartilage, possibly degenerated, stained blue and also meta- 
chromatically. The stain is instantaneous, superficial, not washable 
and possibly selectively weak in staining. Menisci, crucial ligaments 
and the inner surface of the sjmovia stained a little. The metachroma- 
sia (blue to red purple) faded on opening the joint. The dye poured 
over the opened joint causes a slightly increased bluish staining of 
cartilage. 

Concentrated Alcoholic Solution of Thionine. — When this dye is 
spilled over an opened joint, it stains cartilage and synoAu'a r^ery slightly, 
the stain deepening on standing. 

Almn Carmine. — When this dye is injected into the closed knee 
joint, it does not stain; when it is poured over the opened joint, it stains 
cartilage and synovia slightly, svperhcially and unevenly. 

Litmus Solution. — ^To test the action of indicators in their ability 
to stain joint cartilage, a watery solution of blue litmus (alkaline) was 
injected into the knee joint of one patient. It is to be noted that the 
water of Dresden is alkaline. No accurate chemical test of alkalinity 
was made. The color of the solution did not change, Avhich indicates 
that the ps, of the joint fluid after death Avas still roughly alkaline. 
There Avas a slight bluish, supei'ficial, easily AA^ashable staining of the 
joint cartilage. When litmus .Avas poured over the opened joint, there 
Avas only a slight staining of cartilage, easily Avashed away by a stream 
of Avater. The color of the litmus did not change. 

Bile. — A AA^eak solution of bile AA'as injected into the knee joint in 
one case Avith no resultant staining. No staining occurred when the 
bile Avas poured over the opened knee joint. The solution vv'as evi- 
dently too Aveak to stain. It Avas noted that a drop of concentrated bile, 
poured accidentally from an opened gallbladder OA’er the patella, stained 
it a green yelloAv, the stain being deep in color and not AA'ashed away hy 
a stream of AA'ater. 

COMMEXT 

It can then safely be concluded that there are dyes that stain cai - 
tilaee slightly or not at all, dyes that are diffuse in action, and dyes 
that are selective. The term “selectivity of action” means that thc.se 
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i ia o-ni'f’ liun :!■ el! ;ir t<> iimi ilw" that are selective and 

liarmlm'., A ^ryu d;' rNiTrnm iit'. '-li-mld lie undertaken to determine 
tke na!r.:( in' <i’,x - “dial itain >e!eet!M h. liie amount of dye necessary 
!<>;• !>(• in a jnim. tin- r< action of the joint to the dye, the absorption of 
tile d_\e. th(' ahiliiv or inahilitv of the d\e to cause an experimental or 
clinical artliritii-. tin- phvrical. chemical and hinln,e;ic reasons that underlie 
selectivity, with sjiccial reference to the chemical nature of the dye and 
the hiolo-ic jirojieriies of the di-ia'-cd area. Once this is determined 
I'y I'atient re.-earch. it will he ]io-.>.tii!e to utilize these new facts in 
arthro>co]«y. .^tained areas are clearly outlined through the arthroscope, 
much heller than unstained aretis. esj'ccially areas of erosion, which are 
ditUcult to visualize. 

It is jiossihle that the staining reactions described ma}' not occur in 
living cartilage in the living person. 1 lie few animal experiments per- 
formed by me indicate this premise to be wrong. ^Vhether one can 
call the intra-arlicular injection of dyes for the purpose of staining 
cartilage vital staining is questionable ; it surely cannot be so called 
in the usuallv accepted sense of the term. What relation changes 
in the alkalinity of the .synovial fluid bear to the staining of cartilage 
is not as vet known. Even after death, it appears that the synovial 
fluid, remains alkaline, and rarely in life does it reach a />h lower 
than 7. It mav be probable that the sometimes oily fluid exerts 
a protective effect against cartilage staining. Why there should be 
a difference between the staining powers of cartilage in the opened 
and in the closed joint is still conjectural. It is important to find a 
blue dye that stains selectively, since a red dye gives poor color con- 
trast. especially in hyperemic or other inflammatorv’’ conditions of the 
joints. 

CONCLUSION 

Of the several dyes examined, eosin, neutral red and lithium carmine 
seem to stain diseased areas in cartilage selectively. This selective 
staining is of definite value in arthroscopy, delimiting, as it does, areas 
of disease in color, thus rendering visualization easy. The work pre- 
sented here is onlv the most preliminar\' of studies. 
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mately between April 5 and July 30, 1932. A few selected articles of an earlier 
date are included. Only those papers that seemed to represent progress have been 
chosen for review. 

CONGENITAL DEFORMITIES 

Open Reduction of Congenital Dislocation of the Hip . — Howorth 
and Smith ^ reported observations in 72 cases of congenital dislocation 
of the hip in which the patients were treated by open operation from 
January, 1920, to July, 1929. In 26 cases the dislocation was bilateral. 
The average age was 4 years and 8 months. In the treatment of 46 
of the 82 hips, previous attempts at closed reduction had failed. 

The operations used were as follows : ( 1 ) simple reduction, 54 per 
cent; (2) gouging of the acetabulum followed by reduction, 20 per cent; 
(3) shelf operation, 11 per cent. In two hips it was necessary to 
reshape the femoral head. The anatomic and functional end-results 
were summarized; reduction was maintained in 66 per cent. Eighteen 
months after the first operations subluxation occurred in 31 per cent. 
Dislocation recurred in only 8 per cent. A good functional result was 
gained in 67 per cent. 

1. Howorth, M. B., and Smith, H. W. : J. Bone & Joint Surg. 14:299, 1932. 
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Kidncr " reviewed liriefly the controvers}^ between the schools 
advocating open and closed reduction of congenital dislocated hips. He 
has become convinced that open reduction gives the better result except 
in the rare young patient in whom the gentlest manipulation results in 
reduction. 

He stated that the great obstacle to reduction, as shown on the 
operating table, was a redundant adherent capsule and not bony, car- 
tilaginous or muscular changes as man}' workers had assumed. He 
found that little force was necessaiy usually to obtain reduction if the 
capsule was adequately freed. His operative approach consisted in an 
anterior incision extending downward from the anterior superior spine, 
retracting the sartorius medially and the tensor fascia and gluteus 
medius laterally. The capsule was reflected downward from the ilium 
as far as the superior border of the acetabulum. The capsule was then 
incised longitudinally, and the head of the femur was replaced in the 
acetabulum, which was enlarged if necessary. The redundant capsule 
was used as a reenforcing ligament. The leg was immobilized in abduc- 
tion and internal rotation for from eight to twelve weeks. After 
physical therapy, walking was permitted. Kidner stated that inversion 
of the neck usually disappeared after reduction and in any case did not 
affect the end-result. He stated that in twenty-five cases in which 
operations were performed there was one postoperative death. In the 
others good results were obtained. There were no recurrences of the 
dislocation. 

[Ed. Note. — Open operation in congenital dislocation of the hip is 
.coming into greater favor, particularly in the older or more difficult 
cases, because of the pathologic changes that often prevent reduction by 
manipulation. The end-results tabulated here, while on a small number 
of cases, are encouraging.] 

DISTURBAXCES IN BONE GROWTH 

Osteitis Deformans . — Belden and Bernbeim ® made a study of 26 
patients with osteitis deformans and as a result concluded that Paget’s 
disease was a metabolic unbalance governed by the ductless glands. 
They believed that the apparent overaction of the parathyroid glands 
could best be controlled by a proper dietary and medical regimen. This 
was as follows: viosterol. 10 drops three times a day; tomato juice, 6 
ounces (178 cc.) three times a day, and calcium lactate, 40 grains (2.6 
Gm.) twice a day. Improvement was observed in all of the patients 
under this treatment. 

2. Kidner, F. C. : South. M. J. 25:350, 1932. 

3. Belden, W. \V., and Bernheim, R. : Radiology 18:324, 1932. 
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Roentgenography of the Bones in Gaucher's Disease. ~R.e\ss and 
Kato ^ studied 3 cases of Gaucher’s disease in regard to the changes in 
the bones. The most constant and typical changes were observed in the 
lower end of the femur, which usually had a moth-eaten, punched-out 
appearance. There was an osteoporosis throughout the shaft. 
Pathologic fracture without bony displacement was common. The other 
long bones were frequently involved. Compression of the vertebrae was 
observed without a disappearance of the intervertebral disk, although 
the disks might be invaded extensively by the disease. 

The Growth of Bone. — ^Jansen,® in the Lady Jones Memorial Lecture 
delivered at Liverpool on Feb. 17, 1931, traced the development of 
certain concepts in regard to the formation and growth of bone. He 
showed how both excessive and subnormal functional pressure led to 
the absorption of lime salts from bone, and that an enhanced deposition 
of lime salts occurred somewhere between these two extremes. He 
believed that in exercise the bones were as well developed as the muscles. 
Two aspects of the increased vulnerability of the rapidly growing cells 
of bone were given: (1) Injurious agents of all kinds might cause 
feebleness of growth. (2) The signs of feebleness of growth were 
given in three degrees : (a) The slight degree was characterized only 
by muscular weakness, weak feet, a prominent abdomen, round 
shoulders and blue hands and feet ; there was usually an overgrowth in 
adolescence, (b) The moderate degree was represented by the knock- 
kneed child, neither too tall nor too short, (c) The severe degree was 
characterized by severe muscular weakness; all of the cartilages of 
growth were affected, and the entire skeleton lagged behind the normal 
in growth. The severe form of enfeeblement of growth was observed 
in the first few years of life. Enfeebled bone substance showed two 
characteristics: increased fatigability and increased irritability. By 
studying the quantitative changes in growth in the locomotor apparatus, 
evidence of a feeble constitution might be obtained. The discovery and 
removal of the causes of such enfeeblement of growth would remove 
much disease and crippling of the human race. 

[Ed. Note. — ^J ansen’s views on the various factors influencing the 
growth of bone are thought provoking and merit consideration and for 
this reason they are worth while even if we are unable to agree with 
all of his conclusions.] 

NEOPLASMS 


Fibrosarcoma of Bo«c.~Geschickter <= stated that the osteogenic 
portions of the bone do not give rise to sarcoma of the true spindle cel! 

4 TJpicT O and Kato, K.: Gaucher’s Disease: Clinical Study, with Special 
Keferenl of Bon^ A.^ j Dis. Child. d3:3d5 (Feh.) 1932. 

6 GeTcwi' C?’ ^So" Called Fibrosarcoma of Bone: Bone Involvement 
bv Sarcoma of the’ Neighboring Soft Parts, Arch. Surg. 24:231 (Feh.) 19.3-. 
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type. Connective tissue tumors in bone arise from fibroblasts with 
a tendency to bone formation or from prccartilaginous connective tissue 
destined to form I)one via the intracartilaginous route. His study of 
thirty-one cases showed that the histologic composition of the new 
growth was a more reliable index of its clinical and pathologic behavior 
than its anatomic location or apparent relationship to bone. Fibro- 
spindlc cell tumors should be studied in regard to the transition from 
oat cell to spindle cell to fibrospindle cell to adult fibroblasts. The more 
primitive the connective tissue cell, the more malignant was the tumor. 
In the undiflerentiated oat cell type, neither excision nor roentgen 
therapy offered more than temporary relief. In neurogenic tumors 
involving bone, a similar microscopic gradation could be made. The 
more malignant the tumor, the greater was the number of large pleo- 
morphic nuclei and the more closelj’- packed the spindle cells. The 
prognosis was extremely bad, death usually occurring in two years. The 
author mentioned that bone was sometimes invaded by connective tissue 
tumors arising from outside the bone which gave a similar clinical 
picture, such as angiomas, myosarcomas and lipomas. When the fibro- 
sarcoma was not of the oat cell type, an attempt to eradicate the disease 
locally was justifiable. In the oat cell type, immediate amputation was 
indicated. Amputation was the treatment of choice in neurogenic 
sarcoma involving the bone. For angiomas, local excision followed by 
irradiation seemed the best treatment. Local excision was advocated for 
lipomas and amputation for myosarcomas. 

THE BACK 

Backache; Anatomic Consideration . — Willis ' reported his studies on 
the anatomy of many spinal columns at Western Reserve University. 
He was particularly interested in the anomalous developments, such as 
spina bifida occulta, asymmetric sacralization and the “separate neural 
arch,” a defect in one or both laminae occurring between the superior 
and inferior articular processes of the lumbar vertebrae, most often 
the latter. The relationship of this last anomaly to spondylolisthesis was, 
as pointed out by the author, well known. Willis found the defect 
present in 79 instances in a study of 1,520 skeletons, an incidence of 
5.9 per cent. 

Spondylolisthesis . — Meyerding ® reviewed the findings in 207 cases 
of spondylolisthesis ; 148 were in male patients and 59 in female 
patients. The condition was found to be due to instability of the lumbo- 
sacral articulation and to congenital defects in the lumbosacral region. 
A number of patients had spondylolisthesis without symptoms. The 

7. Willis, T. A.: J. Bone & Joint Surg. 14:267, 1932. 

8. Aleyerding. H. W. : Surg., Gyncc. & Obst. 54:371. 1932. 
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chief ^ syniiitoni Avas backache, with or without radiating pain. 
Pioniinence of the sacrum and a shortened torso were commonly 
observed. Neurologic disturbances were rare. X-ray pictures, particu- 
laily lateral ones, helped greatlj'’ in the diagnosis. While spinal support 
often relieved the S 3 'mptoms, the author advised fusion of the sacrum 
to the lower lumbar spine. 

Typhoid Spine . — Wang and Miltner® reported 2 cases of typhoid 
spine, 1 of which also presented a destructive arthritis of the sacro-iliac 
joint. There was complete recover 3 ’^ in both cases, with bony ankylosis 
of the spines in the involved areas. The treatment used was prolonged 
recumbency followed by a spinal support. There was bacteriologic 
verification of the diagnosis in both cases. 

Gibbus Resulting from Tetanus . — Ciaccia “ collected cases from the 
literature, and added 2 of his own in which gibbus developed following 
tetanus. All of the lesions were dorsal in location excepting 2 in the 
lumbar region. They were characterized by an absence of destruction 
of the intervertebral dislcs, an absence of abscess formation and partial 
collapse of from one to three vertebral bodies. Various etiologic factors 
were discussed at length; chief among these was the spontaneous verte- 
bral collapse in the presence of maintained muscular spasm. In 1 
case Ciaccia fused the spine, and in the other he obtained a satis factoiy 
result by conservative therapy. 


SUPPURATIVE ARTHRITIS 


Suppurative Arthritis of the Hip . — From a stud 3 '' of 18 septic hips 
in 17 children, Caldwell concluded that it ivas important to establish 
the diagnosis of such a condition earl 3 '- and to determine, if possible, 
whether the infection was primarily an osteonyelitis of the femoral 
neck or whether it originated from the synovial lining of the joint. In 
all of the 17 cases the infection was of hematogenic origin. To wait 
for roentgen evidence in the presence of sepsis was often disastrous, 
because this rarely occurred before two weeks had elapsed. He favored 
early aspiration of the joint as a means of establishing the diagnosis. 
Twelve hips were drained by anterior incisions, 2 posteriorly and 4 by 
incisions over the inner side of the thigh, where abscesses ivere pointing. 
Postoperative traction in abduction was considered most essential to 
prevent dislocation. In cases in which there was a primary osteomyelitis 
or epiph 3 ’'sitis, ankylosis of the joint was apt to result. Frequent x-ray 
pictures during convalescent treatment were desirable to determine 
whether there was osseous involvement. 


M 


9 Wang, L. IC., and Miltner, L. J.: Chinese M. J. 46:1, 1932. 

10.' Ciaccia, S.: Chir. d. org. di movimcnto 16:331, 1931. , • * t 

11 Caldwell, G. A.: Acute Suppurative Conditions of the Hip Joint, J. 

A. 98:37 (jan. 2) 1932. 
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TUBERCULOSIS 

Operative Treatment of Tuberculosis of the Joints. — Henderson 
reviewed the present trends in the treatment of tuberculosis of the bones 
and joints. He stated that conservative treatment has its greatest field 
of usefulness in children, while operative treatment aiming to ank 3 dose 
the diseased joints and to eradicate the disease is the treatment of choice 
in adults. It is important to select the patients for operation carefully, 
since the results in America are still poor, owing in large part to the 
unwillingness of patients to continue treatment sufficiently long. Each 
patient must be studied before the type of treatment can be decided. In 
general, patients in whom operative treatment is advisable should be 
beyond the age of pubert}", free from active pulmonary tuberculosis and 
from tuberculosis of the genito-urinary tract and also in good 
general health. The author advised against extensive operative pro- 
cedures in the presence of draining sinuses. In a series of more than 
600 cases, the operative mortality was less than 1 per cent. 

Liver Meal in the Treatment of Amyloidosis in Surgical Tubercu- 
losis. — ^\Vhitbeck^® treated 7 patients with amyloid disease following 
tuberculosis of the bones and joints with liver extract. Powdered whole 
liver was used and given in doses of 1 drachm (3.9 Gm.) three times 
daily. Two patients died, 1 from an intercurrent infection and the other 
from cardiac failure. The other 5 showed benefit three months after 
therapy had been instituted, and thirteen months later there was distinct 
improvement, as evidenced by a diminution in the size of the liver and 
spleen, less anemia, less ascites and improvement in the general state of 
nutrition. However, in each case the Congo red test was positive at 
the end of eighteen months, indicating that sufficient lardaceous material 
was present in the organs to absorb the d 3 'e and to remove it complete^ 
from the blood. 

POLIOMYELITIS 

Production of Antiviral Substances. — Howitt,“ by the injection of 
poliomyelitis virus into 2 sheep and a goat over a period of 3 'ears, rvas 
able to produce antiviral substances capable of protecting monkeys 
against infection. The author demonstrated also b 3 ’^ a higher percentage 
of recoveries that the intramuscular route was preferable to the com- 
bined intravenous and intrathecal routes in giving convalescent serum 
to monke 3 "S in the preparal 3 'tic stage of poliom 3 "elitis. 

Convalescent Serum in Preparalytic Poliomyelitis. — In a fairl 3 - well 
controlled group of patients in the preparalytic stage of poliom 3 -elitis in 

12. Henderson, M. S.: Minnesota Med. 15:141, 1932. 

13. Whitbeck, B. H.: J. Bone & Joint Surg. 14:85, 1932. 

14. Howitt, B. F. ; Proc. Soc. Exper. Biol. & Med. 29:118, 1931. 
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southern New England in 1931, Kramer and his co-workers^® made a 
careful study of the therapeutic effect of human convalescent polio- 
myelitic serum given by the combined intraspinous and intravenous 
routes. The authors were unable to obtain conclusive evidence that the 
convalescent serum was of value, or, on the other hand, that it was 
valueless. 


Abortive P olwm-yelitis . — Paul and his associates reported the 
results of an epidemiologic study of poliomyelitis with particular 
reference to cases of “abortive” poliomyelitis. By “abortive” polio- 
myelitis was meant a minor illness showing more or less regular 
characteristics and occurring during an epidemic of poliomyelitis. The 
symptomatology of these minor illnesses was not specific, but was essen- 
tially that of an acute infection of short duration, symptoms of fever, 
sore throat, headache and vomiting dominating the picture. A survey 
of 222 families, in each of which 1 or more cases of poliomyelitis 
developed, showed that in from 32 to 39 per cent of the other children, 
i. e., those not coming down with poliomyelitis, minor illness developed 
coincidentally with the onset of the known cases. In 60 control families 
studied, it was found that only 9 per cent of the children had minor 
illnesses during the time of the epidemic. It seemed reasonable to sup- 
pose that at least some of the minor illnesses were related to orthodox 
poliomyelitis. Only if it could be shown that a child became immune 
subsequent to the development of a minor illness could it be assumed 
that he had passed through an attack of the disease. This proof awaited 
further knowledge of the nature of immunity and of the means of 
measuring it. 

Poliomyelitis in California . — Meals and Bower reviewed the 1930 
epidemic of poliomyelitis in southern California; 350 cases were studied. 
Spread by “healthy carriers” was frequently observed. The patients 
were seen, on the average, on the fourth day of the illness. In 11.7 
per cent of the cases, paralysis rvas found on the first examination. In 
12.86 per cent, the spinal fluids were negative, but the patients showed 
characteristic neurologic findings. Twenty-two per cent were negative 
neurological^, but showed the usual changes in the spinal fluid. Treat- 
ment was almost wholly with pooled convalescent serum plus rest and 
immobilization, with dietetic and eliminative measures. Serum^ was 
given, either 15 cc. intrathecally or 30 cc. intramuscularly or intra- 
venously ; the mode of administration depended on the severity and the 
advancement of the disease. The authors preferred the intravenous 


15. Kramer, S. D.; Aycock. W. L.; Solomon, C. L. and Thencbe, C. L.: New 
'^'’irPmI,*rETsSng™R.. Md Trask, J. D.: "Atortira” Poliomycli.is, 

L;::, r0.r Uk. . C«a, ^.d, 
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or intramuscular administration of serum when there were no 
phenomena of the central nervous system. In 82 per cent of the cases, 
the fever abated and the subjective symptoms subsided after the intra- 
cisternal injection of serum. In this series there were 60.9 per cent 
complete recoveries. In 25.66 per cent there was mild residual paralysis, 
and 10.28 per cent showed more extensive paralyses. The mortality 
was 3.16 per cent. In the entire country the death rate during this 
epidemic was 7 per cent. 

[Ed. Note. — The therapeutic effect of convalescent serum in the 
treatment of preparal)dic poliomyelitis is still sub judice. The most 
carefully controlled observations, although small in number, throw a 
doubt on the usefulness of the serum. Its use, however, should be 
encouraged until the matter is settled.] 

ARTHRITIS 

Hemophilic Arthritis. — Ke}^ reported a thorough study of a case 
of chronic hemophilic arthritis of the knee in which the patient was 
operated on because of a mistaken diagnosis. Macroscopic and micro- 
scopic studies were reported. Key divided hemophilic joints into two 
types : the acute hemarthrosis and the chronic arthritis. The first type 
represented the first or early attacks in which the picture was one of 
intrasynovial hemorrhage, varying in the severity of the symptoms 
according to the amount of hemorrhage. The second type, a joint into 
which there had been numerous hemorrhages over a period of years, 
showed a rather characteristic group of signs and symptoms. Grossly 
and clinically, this joint simulated almost an}' of the various types of 
chronic arthritic lesions. When the lesion was opened, the appearance 
was characteristic — a thickened, deeply pigmented synovial membrane 
with a fibrous subsynovial tissue, maplike destruction of the articular 
cartilage, replaced by either fibrous tissue or unorganized blood clot, 
and atrophic irregular subchondral osseous structure. A flexion 
deformity of the joint was frequently seen. Operative intervention 
was contraindicated ; conservative therapy alone should be used. An 
excellent study of the various types of joints was given, as well as 
a review of the scant literature on these lesions. 

Syphilitic Arthritis zuitli Effusion . — ^Among 112 cases of acute and 
chronic arthritis with effusion, Kling found that 9 (8.1 per cent) 
were due to syphilis. All cases showed late manifestations of the 
disease. Over half of the cases were due to congenital S 3 'philis. Seven 
showed involvement of the synovial membrane only; 1 patient had a 
juxta-articular gumma: another had osteochondritis and periostitis. 

18. Kc}-, J. A.: Ann. Surg. 95:198, 1932. 

19. Kling, D. H. : .A.m. J. M. Sc. 183:538, 1932. 
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Ivling based the diagnosis on (1) the presence of syphilis as shown by 
the Wassermann reaction of the blood and by other syphilitic lesions, 
i. e., keratitis and gumma, and (2) examination of the affected joint. 
He found that complete examination of the fluid of the joint was most 
important, particularly the Wassermann reaction. He found that a 
therapeutic test was of value in doubtful cases, always proving of benefit 
if the diagnosis was correct. 

CIRCULATORY DISTURBANCES 

Raytiaud’s Disease . — Allen and Brown studied 150 cases of Ray- 
naud’s disease in order to determine the minimal requisites for diagnosis. 
The}^ found that the symptoms described by Raynaud were necessary 
for a diagnosis. These were: gangrene or trophic disturbances limited 
almost wholl}'- to the skin, symmetrical or bilateral involvement, absence 
of evidence of any occlusive lesions of the peripheral arteries and inter- 
mittent attacks. 

Deep Ligation of the Vein for Gangrene . — Pearse reported the 
results of deep ligation of the vein in 20 cases of diabetic and arterio- 
sclerotic gangrene. Thirty-one additional cases from the literature were 
reviewed. Ligation of the external iliac vein, the femoral vein or the 
popliteal vein was done. Of 20 patients so treated, the results in 8 were 
successful, the results in 8 were failures, and 4 patients died within a 
year without amputation. The cases were divided into 3 classes: (1) 
cases in which amputation of the leg should be done; (2) those in which 
amputation should not be done, and (3) borderline cases. The bene- 
ficial results from ligation of the vein were warmth, diminution of pain 
and objective changes in the limb. Edema rarely occurred. Additional 
factors in the treatment of such limbs were enumerated in a discussion 
of the preoperative and the postoperative treatment. 

20. Allen, E. V., and Brown, G. E.: Am. J. M. Sc. 183:187, 1932. 

21. Pearse, H. E. ; The Use of Vein Ligation in the Treatment of Arterio- 
sclerotic and Diabetic Gangrene, J. A. M. A. 98:866 (Alarch 12) 1932. 


(To be Concluded) 
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ACUTE OSTEOMYELITIS OF THE VERTEBRAE 
HERBERT M. KLEIN, M.D. 

NEW YORK 

Acute osteomyelitis of the vertebrae constitutes a clinical entity of 
interest and importance to both the internist and the surgeon. The 
disease consists of an acute suppurative spondjditis generally conse- 
quent on metastatic infection of the vertebrae at the time of a previous 
bacteremia, occasionally the result of the involvement of the vertebrae 
by a local inflammation that has spread by direct extension. The mal- 
ady is serious, is often not recognized promptly and is attended with a 
considerable mortality. The American literature has paid this subject 
scant attention. The following sixteen cases, proved by operation or 
necropsy, have occurred in the Mount Sinai Hospital chiefly during 
the past seven years and are presented to serve as a basis for the 
analysis of the disease and its clinical aspects. The aim of this study is 
clinical. For statistical and theoretical discussions of the subject, the 
reader is referred to Volkman,’- Wilensky ® and Borchers.^ 

CLINICAL CONSIDERATIONS 

In general, the history, mode of onset and generic symptomatology 
of all the cases had many features in common. However, for clinical 
purposes, it has been possible to subdivide the series into four groups 
according to the nature of the presenting clinical condition. The latter 
was usually a complication, e. g., epidural abscess, and often dominated 
the clinical scene. 

History . — It is most important to elicit the history of a preexisting 
lesion which may have been the focus for a bacteremia. In contrast to 
osteomyelitis of the long bones, to which the young are so prone and 
which is so often crj'ptogenetic, the presumable portals of entry were 
established in fifteen of the sixteen cases. These included boils and 
carbuncles, previous chronic osteomyelitis, pneumonia, cellulitis of the 

From the Medical and Surgical Services of the Mount Sinai Hospital. 

1. Volkman, J. ; Ueber die priniare akute und subakute Osteomyelitis puru- 
lenta der Wirbel, Deutsche Ztschr. f. Chir. 132:445 (Jan.) 1915. 

2. Wilensky, A. O. : Osteomj'elitis of Vertebrae, Ann. Surg. 89:561 (April) 
1929; 731 (May) 1929. 

3. Borchers, G. ; Ueber die primarc akute und subakute Osteomyelitis puru- 
Icnta der Wirbel, Arch. f. klin. Chir. 158:168 (Feb.) 1930. 
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arm, phlebitis of the hepatic vein radicles subsequent to cholangeitic 
abscess of the liver, acute bacterial endocarditis of the aortic and mitral 
valves, cystitis with purulent prostatitis, mastoiditis with mastoidectomy, 
lateral sinus thrombosis, purulent bronchitis in cachexia (phlebitis of 
the smaller radicles of the pulmonary vein?) and a secondarily infected 
hematoma. Typhoid fever, iDaron 3 'chia, alveolar abscess, pharyngitis 
and mastitis may also be sources of bacteremia with metastatic osteo- 
myelitis.i A history of true rigor may be obtained, and is of great 
significance even though it ma}^ have occurred many months before. 
Trauma played no appreciable role in this series of cases. 

Mode of Onset . — As well, as could be determined, the shortest time 
in which objective evidence of a local pathologic process developed was 
ten da 3 fs (case 2). In all the other cases, at least two weeks were 
necessary. Generally, a little local pain or rigidity was complained of; 
this gradually became more severe until there was complementary evi- 
dence of local disease. In no case was there sudden onset with severe 
local symptoms and signs pointing to the underlying processes. Pari 
passu with the aggravation of the local condition was the intensification 
of the systemic indications oi the infection. 


Generic Characteristic ^. — In contrast to the osteomyelitis of the long 
bones, only two of these cases occurred in children. The patients were 
all febrile and apparently suffering from an infection, with the cus- 
tomary manifestations of fever, tachycardia, leukocytosis, albuminuria, 
etc. These observations show the necessity for careful investigation 
when the process is not superficial and therefore obvious. None of the 
cases presented the appearance of rapidl 3 '^ fatal overwhelming infection, 
with signs only of generalized intoxication without localization, which 
is occasionally seen in osteomyelitis of the long bones. The difference 
ma 3 '’ be due to the relatively small amount of marrow infected, in con- 
trast to the amount involved in disease of the long bones. 

The following local characteristics may be common to osteomyelitis 


of the spine, no matter where situated : 

1. There is pain, especially on motion. The aggravation of the pain 
on motion ma 3 '’ be due to the spasm of the contiguous musculature or 
to pressure on a diseased intervertebral disk. Pain on jolting is often 
absent and is less prominent than in tuberculous spondylitis. ‘ 

2. Local tenderness may or may not be present over the spinous 
processes. It is less apt to be present when only the bodies of the 
vertebrae are diseased. In two cases pain was maximal over normal 
vertebrae. In case 10, clinically, tenderness had been elicited over the 
spinous processes of the second and third sacral vertebrae ; however 
at necropsy, the osteomyelitic foci were found in the second and thirc 


lumbar vertebrae. 
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3. Signs of local inflammation generally indicate perforation and are 
most commonly present when the laminae or processes are affected, but 
may be present in exclusive involvement of the vertebral bodies. 

4. There is a grating sensation on palpation, owing to sequestration 
of a spinous process.^ 

5. Local deformity with actual gibbus may occur, owing to the col- 
lapse of the diseased vertebrae, as in case 13. Generally, there is only 
transient deformity, due perhaps to muscle spasm which disappears with 
the subsidence of inflammation.’^ 

The cases may be divided into the following groups : 

Group I. The most frequent clinical picture presented is that of 
abscess formation. This may occur anjnvhere along the spine. Although 
the pathologic process is everywhere essentially the same, the difference 
in the location of the site involved causes a variety of clinical pictures. 
In the order of frequency these are as follows : 

A. The abscess generally presents in the back, near the vertebral 
column. The skin over the suppurating area most often reveals no 
local etiologic lesion (when the process is metastatic in origin) . There 
may be no signs or symptoms of underlying bony disease. In this 
series, ten days was the shortest period of time for the formation of 
an abscess large enough to be recognized. At operation bare bone is 
felt at the base of the abscess cavity. This establishes the osteomyelitic 
origin of the abscess. 

B. The next most frequent situation for the abscess is the region 
of the psoas magnus muscle. A tremendous collection of pus may 
be present here and yet not cause a swelling conspicuous enough to be 
detected by careful physical examination. Its existence may have to 
be inferred from the presence of tender enlarged inguinal lymph nodes 
associated with homolateral psoas spasm. When a tuberculous abscess of 
the spine gravitates along the psoas muscle down to the inguinal region, 
caseating inguinal adenopathy occasionally develops in a similar fashion, 
but the swelling created is cold, indolent and generally not tender. Because 
of the involvement of lumbar nerve roots by the inflammatory process, 
there may be abdominal distention, pain and rigidity, so that one may 
be inclined to infer the existence of an acute surgical inflammation 
within the peritoneal cavity (“acute abdomen”). The presence of costo- 
vertebral tenderness, with a local mass or spasm of the lumbar muscles 
and purulent urine, may lead to the erroneous diagnosis of perinephritic 
abscess, secondary to a perforated cortical abscess of the kidney. Since 
this is frequentl}^ a concomitant metastatic lesion, the diagnosis ma}" be 
Established with certainty only at operation. 

C. An apparently idiopathic abscess may present in the buttock. 
At operation bare bone ma)' not be felt at the base of the abscess 
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cavity. In such a case one must investigate the lumbar and sacral 
vertebrae for the presence of an osteom 3 'elitic focus. A collection of 
pus arising from these vertebrae may gravitate down along the tissue 
planes, pass through the major sciatic foramen and present in the 
buttock. It may also pass over the crest of the ilium and present in 
the buttock. It is because of this devious route that bare bone is not 
encountered at operation. The collection of pus may pass through the 
minor sciatic foramen and present beside the anus. This may be the 
explanation for a persistently draining ischiorectal abscess. 

D. The mediastinum ma}' also be the seat of abscess formation. 
The patient may complain of pain in the chest or abdomen, a pleuritic 
friction rub may be heard, and later there may be present an area of 
dulness with diminution of breath sounds. Constant dry cough and 
hiccup may occur. The diagnosis of mediastinal abscess is made by 
(1) a history of a focus capable of giving rise to a bactei'emia, (2) 
localized tenderness over the spinous processes of the thoracic vertebrae 
and (3) roentgenographic evidence of widening of the mediastinum, 
like that produced by mediastinal collections of fluid. 

Group II. The second most frequent clinical group is that in which 
the patients present a variety of complaints referable to the nervous 
system. There may be paresis or paralysis of a limb, sphincteric dis- 
turbances, abnormalities in the reflexes, impairment of sensory percep- 
tion or tenderness along the peripheral nerves. Because of the presence 
of an infection elsewhere in the body and findings that simulate those of 
myelitis or peripheral neuritis, an erroneous diagnosis of “toxic myelitis” 
or “toxic neuritis” is often made. The signs and symptoms are gen- 
erally due to involvement of the nerve roots by the inflammatory exudate 


or to compression of the spinal cord, which is consequent on pach}^- 
meningitis, epidural abscess, etc., the result of perforation of the osteo- 
myelitic focus. The latter must be suspected when a patient with a 
history of an inflammatory focus capable of giving rise to a bacteremia 
shows signs and symptoms referable to disease of the spinal cord. Of 
great diagnostic value are tenderness over the spinous processes, signs 
of a level lesion, evidences of spinal subarachnoid block and pleocytosis 
in the cerebrospinal fluid. This group of related conditions in a patient 
suffering from an infection is most suggestive of perforation of an 


osteomyelitis of the vertebrae. 

Group III. .In this group ma}’^ be classed those patients who present 
only pain in the back and fever. No other findings may^ be elicited 
despite elaborate efforts to determine the cause of the pain. S 3 'mp- 
tomatic measures fail to give relief. Roentgenographic examination of 
the painful segments of the spine may yield negative results despite 
moAis of suppuration. Diagnosis is most difficult m these cases and 
be established onl)^ by operation. When the general clinical picture 
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indicates the existence of infection and there is a histor}'- of previous 
bacteremia, an exploratory operation may have to be performed, espe- 
cially when the painful area is tender. It may be fatal to postpone 
operation until one has the confirmatory evidence of a complication 
(spinal meningitis). 

Group IV. The fourth group includes those patients who suffer 
from widespread suppuration consequent on a bacteremia. There are 
multiple abscesses throughout the viscera, e. g., in the kidneys, spleen 
and lungs, and, coincidentally, abscesses in the vertebrae. The clinical 
picture produced is a summation of the signs and S3unptoms due to the 
suppurative spond3ditis, as described in the first three groups, and those 
dependent on the nature and location of the coincident metastatic 
abscesses elsewhere and the complications subsequent to them. 

The cases comprising this group are least in importance from a 
therapeutic standpoint. Even if the bone focus is susceptible to adequate 
treatment, death occurs because of the alread3" established, generalized, 
metastatic abscesses. However, in cases in which the osteom3Hitic 
focus is itself the source of a bacteremia, often persistent, adequate 
local treatment ma3" eradicate the focus and terminate the bacteremia; 
the metastatic foci ma3' heal completely, and the patient ma3’- then 
recover. 

PATHOGENESIS 

There are two wa3^s in which the vertebral infection ma3’- occur. 
Most frequently, there is a localized infection which gives rise to a 
bacteremia ; bacteria localize in the vertebrae and cause an osteom3Hitis. 
This mode of development is well illustrated b3" case 10, in which a 
pneumococcus t3'pe I was recovered from the pus in the infected 
mastoid process, from the blood stream on the da3’^ after operation and 
from the pus in the mediastinal abscess produced by the vertebral 
osteomyelitis. This development can be traced in cases 5, 10, 11 and 14. 
In rare -instances there is a local inflammation which spreads and 
involves the vertebrae b3" direct extension (case 6). 

BACTERIOLOGY 

In the literature the following have been described as causative 
organisms : Staph3-lococcus aureus and albus, Streptococcus p3'ogenes. 
Bacillus t3'phosus. Micrococcus tetragenus,^ B. parat3"phosus A ^ and 
B. perfringens.® In addition to these there were found in this series 
Streptococcus Hridans, the pneumococcus, tvpes I, III and IV. and the 
Friedlander bacillus. In view of the variet3'- of organisms that have 

4. Zanboni, G. : Osteomyelite degli archi vcrtcbrali della II-III-I V lombarc 
da paratifo A, Ann. ital. di cbir. 5:499 (May) 1926. 

5. Laborde, J. P. A. M. : £tude sur les spondylites stapbylococciques de 
radulte. These. Paris. 1926, vol. 39. no. 93. 
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already been found responsible, it would not be wise to rule out the 
diagnosis if there should be isolated from a patient suspected of verte- 
bral osteomyelitis an organism (e. g., B. coli) that has hitherto not been 
described in this condition (see addendum). 

In six of the cases, blood cultures were taken, and in each case bac- 
teiia were recovered from the blood stream. In four of the cases, the 
focus causing the bacteremia was distant from the local bone disease, 
e. g., hepatic vein phlebitis; in one (case 6), it was the local inflam- 
mation, and in one other (case 12), it was a phlebitis, complicating a 
perforation into the soft tissues of the vertebral suppuration. Depend- 
ing on the nature of the causative focus, the bacteremia was transient 
(cases 6 and 10) or lasted until the death of the patient (cases 11, 13, 
14 and 15). 

PATHOLOGY 


Anatomically, the cases can be divided into two groups, depending 
on whether the bodies or the processes of the vertebrae are the sites 
of the inflammation. In ten cases the bodies were involved ; in eight of 
these there was frank suppuration, often with abscess formation ; in one 
(case 10), the body was merely denuded of periosteum, roughened and 
tender, and in one other the nature of the corporeal involvement could 
not be determined. In only three cases was a bony process found to be 
the seat of the inflammation. In three cases it was not possible to 
ascertain definitel}^ which portion of the vertebrae was diseased. In the 
cases in which the process was involved, the inflammation was chiefly 
superficial, the exposed bone being merely bare and rough. Perforation 
was earlier when the inflammation occurred in a process, perhaps 
because of the smaller volume of bone affected. 

It is customary to divide vertebral osteomyelitis into cortical, or sub- 
periosteal, and medullary types. To the former belong the cases that 
present only superficial infection of the bone, which is denuded of 
periosteum, rough and tender; they occur chiefly in infection of the 
processes. To the latter belong the cases with frank suppuration and 
abscess formation ; the}^ occur chiefly in infection of the vertebral bodies. 

If the necrosis is sufficiently extensive, the bod}' may be crushed. 

Worthy of mention is a chronic form of the disease described by 
Radt.® In this condition the process may last for many years, with the 
formation of an ossifying perivertebral granulation tissue which com- 
presses the nerve roots and produces severe, intractable radicular pains. 

In cases of bacteremia, it is probable that organisms are carried to 
many bones besides those which become diseased. Just why certain 
vertebrae fall a prey to the bacterial invasion is impossible to state. 

In one case two widely separated vertebrae were infected, while in four 


6. Radt, P. : 
beins, Mitt. a. d. 


Ueber dironisclie Osteomyelitis der Wirbelsaule und dcs Kreuz- 
Grenzgeb. d. Med. u. Chir. 41:389 (May) 1929. 
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cases two annectent vertebrae were diseased. In only two cases can 
there be implicated a contributory factor, favoring the development of 
the metastatic process. In one (case 15) there was an old local spondy- 
litis, and in the other (case 16) Hodgkin’s infiltrations were present 
in the vertebral body. 

When perforation occurs posteriori}', a superficial abscess forms ; it 
is readily drained, and convalescence is generally uneventful. 

Serious complications are usually consequent on perforations that 
do not come from the processes or laminae and that are not directed 
posteriorly. Irrespective of the situation of the disease process, the 
most frequent and most serious complication is that of involvement of 
the central nervous system. Compression of the spinal cord may be 
caused by: (a) an epidural abscess, secondary to perforation into the 
epidural space; (b) a subdural abscess secondary to epidural infection; 
secondary to the subdural infection, spinal leptomeningitis may occur 
and spread to involve the cerebral leptomeninges ; (c) a pachymeningitis. 
In a case described by Fraenkel” there was a cervical osteomyelitis 
secondary to infection of a toe ; the signs and symptoms of compression 
of the spinal cord developed; at necropsy the dura mater adjacent to 
the osteomyelitic focus was found to be thickened and infiltrated with 
round and plasma cells, among which there were many organisms 
resembling staphylococci ; there was a definite compression of the spinal 
cord by the thickened dura ; there was no epidural or subdural abscess. 

Another complication is that of involvement of a major vascular 
trunk. In case 12, the purulent exudate, surrounding the right common 
iliac vein, produced a fatal thrombophlebitis. The inflammatory mani- 
festations noted clinically in the right lower extremity were considered 
the result of retrograde phlebitis, although no substantiation by anatomic 
examination was undertaken at necropsy. There is a case described by 
Plenz ® in which an intercostal vein, secondarily infected by pus from 
the dorsal vertebrae, was responsible for a bacteremia with metastatic 
abscesses and a fatal outcome. This thrombophlebitis had caused a 
swelling of the overlying soft tissues, which were red and tender. This, 
clinically, was thought to be due to the burrowing of pus from the dis- 
eased vertebrae. At operation no pus was found to explain the soft 
tissue swelling. The thrombophlebitis Avas neither suspected nor detected 
and yet was the most important inflammatory process present. A case 
of fatal erosion of an iliac artery has been reported.® 

7. Fraenkel, E. ; Ueber Spondylitis acuta infectiosa und Riickenmarkser- 
krankungen, Fortschr. a. d. Geb. d. Rdntgenstrahlen 30:103 (Jan. IS) 1923. 

8. Plenz, P. G. : Ueber Osteomyelitis acuta und subacuta der Wirbel, Deutsche 
med. Wchnschr. 47:416 (April 14) 1921. 

9. Corret, P. ; klichon, P., and Reny, F. : .A.bces ostcomyUitiquc vertebral 
ayant ulcere I’artere iliaque externe chez un ancicn blesse de guerre, Rev. med. dc 
I’est 57:259 (klay 1) 1929. 
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Thei e ai e a number of complications recorded which depend on the 
location of the diseased vertebrae. In the cervical region the following 
may occur: (1) direct extension of the inflammatory process to the 
intracranial cavity, generally with fatal cerebral leptomeningitis “ ; (2) 
involvement of the roots of the phrenic nerve by the inflammatory 
granulation tissue or pus, with consequent paralysis of the diaphragm ; 
(3) retropharyngeal abscess with resiflratory obstruction, and (4) gravi- 
tation of the pus into the posterior mediastinum, with possible secondary 
perforation into a pleural or the pericardial cavity. 

In the thoracic region there may occur: (1) perforation into the 
esophagus and (2) perforation into the mediastinum, with possible 
secondary perforation into a pleural or the pericardial cavity. 

In the lumbar region the following may occur: (1) psoas abscess, 
the most common complication of lumbar osteomyelitis and already 
discussed, (2) perforation into the intestine, with Consequent purulent 
diarrhea, and (3) perforation into the urinaiy tract, with sudden 
massive pyuria. 

Although signs of peritoneal irritation are not infrequent, actual 
peritonitis is rare. It is most unusual for a psoas abscess to perforate 
into the peritoneal cavity. 

ROLE OF THE X-RAYS IN DIAGNOSIS 

The x-rays were not of great service in demonstrating the presence 
of osteomyelitis. Only after bone destruction or new bone formation 
has occurred may one expect roentgenographic change. In eleven of 
the cases, roentgenograms were taken. In nine of these cases the 
examination was undertaken before operation or necropsy revealed 
the underlying pathologic process. In not a single one of these cases 
did the roentgenologist report evidence of acute osteomyelitis. The 
plates were either negative for bone disease or revealed nonspecific 
hypertrophic spondylitis. George and Leonard also noted this ten- 
dency to rapid bone formation. The inflammatory processes in these 
cases varied in duration from at least a week to nine years. In three 
cases the roentgenograms were positive. In case 1, roentgenograms 
were taken one month after operation and showed evidence of osteo- 
myelitis. In case 3, x-ray pictures were taken two days after operation 
and revealed crushing and fusion of three vertebral bodies, the under- 
lying pathologic process being certainly more than two weeks old; the 
exact duration could not be ascertained. In case 5 roentgenograms 
were negative the day before operation, but were positive two and a 
half weeks after operation. Therefore, in a patient with yertcbra 

' 10. George, A. W., and Leonard, R. D.: The Vertebrae, Ann. Roentgenol. 

8 : 70 , 1929 . 
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inflammaton'- disease the roentgenogram may be negative or reveal only 
evidence of hypertrophic spondylitis, despite the presence of an abscess 
in the bone, varying in estimated duration from ten days to four 
months. It is probable that many of the chronic cases (such as case 
14 with gibbus formation) would show roentgen changes, but here the 
diagnosis is no longer in doubt. It may be that with more frequent 
roentgenographic examinations, the roentgenogram will prove to be of 
more value (see addendum). 

PROGNOSIS 

The prognosis is largely dependent on the following factors : A. The 
presence and nature of an existing complication. Involvement of the 
spinal cord offers the worst prognosis, and the formation of an abscess 
presenting in the back and resulting from a posterior perforation, the 
best prognosis. 

B. The localization of the inflammation in the body or a process of 
a vertebra. In three of the cases presented, death was due indirectly 
to the local osteomyelitic focus alone, and in each instance the seat of 
the disease was in the body of the vertebra. In six cases there were 
concomitant abscesses in various viscera; in five of these cases, the bod}’’ 
was the involved portion of the vertebra, while in the sixth the body of 
one and a process of another vertebra were involved. In three cases 
the processes were involved and in two others it is probable that the 
inflammatory process occurred in the processes. In four of these cases, 
uncomplicated by infection elsewhere, convalescence was uneventful. 
The fifth patient is in the hospital at present; his progress is satis- 
factor}’. In general, therefore, the involvement of the body carries with 
it a graver prognosis than does involvement of a process of a vertebra. 

C. The promptness of the diagnosis and the adequacy of the surgical 
treatment. 

D. The type of bacterium causing the infection. This does not play 
a considerable role; e. g., case 11, due to Streptococcus viridans, was 
fatal, while in case 10, due to a pneumococcus type I, and case 4, due 
to Staphylococcus aureus, the patients recovered. 

E. The general resistance of the patient. Although it is undoubtedly 
a factor, it is difficult to evaluate. 

TREATMENT 

The treatment is surgical. Concerning it I wish to make only the 
following comment: A. The primary aim is to drain the suppurating 
area, especially in order to prevent complications due to perforation. 

B. The focus in the bone itself must be drained ; it is not sufficient 
to drain the complicating infection, e. g., an epidural abscess. Radical 
therapy may not be feasible when the patient is acutely ill. but it is ncc- 
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essaiy for ihc accoinplishinoiu of a coniplcto cure, /’adoii ” (Ic.Mcriijcd 
a case in point. In a case of tltoracic osteomyelitis, there was removed 
only some necrotic hone, easily encountered, with the drainage of a 
small amount of jnis. However, hecause of the jirogression of symi)- 
toms and the develoiMuent of liarajdegia, a second and more extensive 
operation was necessary after an interval of six weeks: on this occasion 
the diseased spinous processes and laininae and an exudate on the dura 
were removed, with the resultant disaj>])earance of the paraplegia and 
a gradual complete cure. 

C. The presence of metastatic foci docs not contraindicate oj)cration. 
The osteomyelitis may be the focus of the bacteremia. Cases of bac- 
teremia with metastatic abscesses of the lung arc not infrequent, in 
which, with the removal of the focus of the bacteremia, the abscesses 
in the lung heal spontaneously. 

D. Recovery may occur after operation despite the presence of bac- 
teria and a pleocytosis in the cerebrospinal fluid (case 6). Signs of 
compression of the spinal cord were present in this case and disappeared 
after the drainage of a collection of pus exterior to the vertebral column. 
Acute inflammatory compression of the spinal cord docs not necessarily 
indicate the presence of more than edema of the epidural tissue and does 
not warrant a nihilistic attitude, even in the presence of evidence indi- 
cating an infected cerebrospinal fluid. 

The mortality is still considerable. The following estimates are 
presented : 

Makins and Abbott (Ann. Surg. 23:510 [Ma}'] 1896).. 71.4 per cent 


Volkman (1914) 41.8 per cent 

Borchers (1930) 56.3 per cent 

Mount Sinai Hospital (1931) 51 per cent 

(Case 5 excepted) 


DIAGNOSIS 

From what has been said, one can see how varied the clinical picture 
may be. The diagnosis must be entertained whenever any patient who 
has suffered from an infection presents signs and symptoms referable 
to a vertebral osteomyelitis. A patient who presents a history of a boil 
and in whom a sudden paraplegia develops must be investigated for 
epidural abscess. An apparently idiopathic abscess in the back must 
have its cause determined before meningitis occurs. One cannot dis- 
miss the diagnosis because a bacterium not generally encountered in 
osteomyelitis has been obtained in culture. The acute nature (warmth, 
tenderness, redness, etc.) of the local inflammatory process should 
differentiate it from tuberculous spondylitis (Pott’s disease). In the 

11. Patton, C. L. : Acute Osteomyelitis of Spine, Illinois M. J. 57:268 (April) 
1930. 
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literature, cases have been diagnosed as typlioid fever and cerebrospinal 
meningitis. In iionc of this series was this impression created. With 
the increase of bacteriologic knowledge, the presence of these diseases 
should be established rapidly. The most frequent diagnostic error has 
been the failure to consider the possibility of existence of vertebral 
osteomyelitis. A diagnosis of “toxic myelitis” should be made only 
after every effort has been made to rule out an epidural abscess. 

SUMMARY 

On the basis of sixteen cases, the subject of acute osteom3'elitis of 
the vertebrae is presented with an analysis of the nature of the disease, 
its etiology, its pathogenesis, its clinical aspects, the value of roent- 
genograms in diagnosis, and some of the considerations underlying the 
prognosis and the therapeutic approach. The cases themselves are 
presented in detail as follows. 

GROUP I. TYPE WITH ABSCESS FORMATION 

Case 1. — J. W., a man aged 31, was admitted to the hospital on May 6, 1925, 
with the history of a boil on the neck three weeks before admission, and pain over 
the left sacro-iliac region, first noticed two weeks before admission, spreading 
one week later to the left hip and thigh. Since the onset, the temperature had 
ranged between 100 and 103 F. ; sweats had occurred every night, but there had 
been no chills. 

Physical examination revealed tenderness and edema to the left of the lower 
lumbar vertebrae. Pain was spontaneous and increased on movement of the 
spine. 

Course . — On May 10, there was a sense of deep fluctuation to the left of the 
fourth and fifth lumbar vertebrae. Aspiration yielded thick yellow pus. A 
diagnosis of osteomyelitis of the vertebrae was then made. 

Operation. — On May 10, operation revealed an abscess cavity containing 4. 
drachms. (15.5 Gm.) of thick pus; in the floor of the cavity bare, rough bone 
was felt, which was interpreted as the left transverse process of the fifth lumbar 
vertebra. The cortex of this bone was removed. 

Drainage was freed and convalescence uneventful. 

Observations. — Bone removed at operation showed osteomyelitis. 

Roentgen examination on June 9 showed rarefaction of the left upper articular 
process of the fifth lumbar vertebra, indicating a probable osteomyelitis. 

Case 2. — G. S., a 61 year old man, entered the hospital on Feb. 6, 1919, with 
a history of dull pain in the right thigh and lower part of the back for five weeks. 
Walking was difficult because of the pain. 

Physical examination revealed a well nourished man, subacutely ill and supine, 
with the right hip flexed. Marked rigidity was present over the right half of the 
abdomen with an indefinite resistance in the right lower quadrant. On the right 
side of the lumbar spine were two masses, which were tender and fluctuant. The 
skin was reddened over them and there was marked edema of the entire lower 
part of the back. A Babinski sign was present on the right. The temperature 
was 102 F., the pulse rate 80 and the respiratorj’ rate 20. The urine was normal. 
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Opd alioii. On I'c/iruary S, an incision was inatlci in tlic right costovertebral 
angle; several ounces of pus were obtained, 'J'lie abscess cavity led down to 
ronghened bone. On March 3, incision and drainage of the saitie abscess were 
again performed: rongli bone was felt in the base of the abscess. A pocket of 
pus anterior to the spine was released and the wound curetted. 

Coinwr.— The temperature was normal thereafter and healing progressed 
imc\entfully. The patient was readmitted on June 13. lie was operated on 
twice on the second admission. On August 25, bare bone was felt with the curct. 
The patient was discharged on September 19, with the sinus healed. In 1921 there 
was a scant .spontaneous discharge from the site of the scar, lasting one week; 
no operative indication was present. 

Observations . — Urinalysis on Feb. 9, 1919, revealed no albumin or sugar; 
microscopic c.xamination gave negative re.sults. 

Curettings removed at operation on March 19 showed chronic inflammatory 
tissue. 

Roentgen examination showed: On Feb, 8, 1919, there was no evidence of a 
pathologic condition in the lumbar or the six lower dorsal vertebrae, except for a 
slight degree of spond.vlitis. On March 6, no evidence of pathologic condition 
in the lumbar vertebrae was noted. On April 2, the lumbar spine showed evidence 
of a slight spondylitis; however, a drainage tube present at the site of the right 
transverse process of the second lumbar vertebrae might have concealed a diseased 
area in the bone. On April 4, 1921, examination of the lumbar spine showed 
coalescence of the first and second lumbar vertebrae as seen in cases of old arthritis. 
On April 6, examination of the lumbar spine after the injection of bismuth showed 
the bismuth starting at the level of the fourth intervertebral space and reaching 
up as far as the transverse process of the second lumbar vertebra. 

Case 3. — R. F., a boy aged 8 years, was admitted to the hospital on Aug. 18, 
1925. He had had osteomyelitis of the right forearm and left femur four years 
before admission. Since then he had always been ailing. Two weeks before his 
admission, swelling and tenderness developed in the right lumbar region and he 
had an afternoon temperature of from 101 to 102 F. 

Physical examination revealed, in addition to scars of previous operation on 
the right forearm and left thigh, a fluctuating, painful and tender mass, 2l4 
inches (6.3 cm.) in diameter, in the right lumbar region. The diagnosis was 
lumbar abscess secondary either to a renal abscess or to osteomyelitis of the spine. 

Operation . — On August 19, incision and drainage of the abscess were per- 
formed. Bare bone was felt in the floor of the abscess cavity. 

Course . — ^With adequate drainage, the wound did well and the patient was 
discharged on September 21, with only a slight discharge from the sinus tract. 

A follow-up note on Jan. 4, 1928, stated that the patient was well; no note was 
made concerning the lumbar region. 

Laboratory Ohsci’vatioiis . — A blood count, on Aug, 19, 1925, showed white 
blood cells, 14,250; polymorphonuclears, 80 per cent. 

A culture of pus from the abscess on August 19 revealed Staphylococcus aureus. 

A roentgenogram on August 21 demonstrated evidences of a destructive process 
involving the bodies of the twelfth thoracic and first and second lumbar vertebrae, 
with crushing and fusion of these bodies. 

Case, 4—1 S., a man aged 45, was admitted to the hospital on March 12, 1926, 
with the following history. Eighteen years before, he had had osteomyelitis of the 
right femur. Nine years later he was operated on, and a collection of pus was 
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lomul at the level of ihe first and second IwmUar vertebrae behind the psoas 
innsclc. No culture of this pus was taken. For three weeks prior to admission 
he had been suffering from pain in the back, progressive in nature and accom- 
panied occasionally by fever. 

Physieal examination revealed evidences of mitral stenosis and insufiicicncy, 
probably rheumatic, and swelling, tenderness and spasm of the muscles to the left 
of the scar of the previous operation in the lumbar region. The temperature 
was 106 F. The diagnosis was e.xaccrbation of an old osteomyelitis with spon- 
taneous perforation along the scar of the previous operation. 

Operation . — On Iifarch IS, an incision was made over the swollen area and pus 
obtained. In the base of the cavity pus was seen oozing from the bone. The 
necrotic bone was chipped away and the cavity drained. 

Course . — The wound did well, and with a minimal discharge still present, the 
patient was discharged to the care of his private physician. 

Laboratory Obsen-vtions . — Culture of pus revealed Staphylococcus aureus. 

The necrotic bone removed at operation was reported as showing evidences of 
acute osteomyelitis. 

On lilarch 13, 1926, roentgen examination of the lumbodorsal spine showed only 
evidences of hypertrophic spondylitis. In the anteroposterior position the fourth 
lumbar vertebra did not appear to be normal. However, in the lateral position, 
nothing was seen to support this view. 

Case 5. — ^L. G., a 51 year old man, was admitted to the hospital on Feb. 11, 1932. 
For seven months prior to admission he had had a discharging right otitis media. 
Four months prior to admission, the right preauricular region of the face was 
swollen for two weeks. Shortly after this the patient began to suffer from pain 
in the left flank and left costovertebral angle. There was fever with chilly 
sensations for eleven weeks prior to admission. A blood culture at another hos- 
pital three months before had revealed the pneumococcus type III. 

Physical examination revealed a chronically ill looking man who could not 
move about because of pain in the lumbar region of the back. Both ear-drums 
were intact. A few shotty lymph nodes were palpable in the right anterior cer- 
vical region. The right costovertebral angle was tender, bulging and fluctuant. 
The left costovertebral angle was full and tender. There was shock tenderness 
over the lumbar spine. The diagnosis of osteomyelitis of the lumbar vertebrae 
was made. 

Operation . — On February 13, the right and left lumbar spaces were incised. 
On the right side an abscess cavity containing 8 ounces (226 Gm.) of pus and a 
sequestrum of the right , transverse process of an upper lumbar vertebra were 
found. On the left side an abscess cavity was encountered at the bottom of which 
a denuded transverse process of an upper lumbar vertebra was found. There was 
a communication between the abscesses across the anterior aspect of the spine. 

Course . — The patient is still in the hospital with the operative wounds draining. 
His condition is satisfactory. Exploration of the right transverse sinus on March 
13 showed complete obliteration of the sinus owing to a healed thrombophlebitis. 

Observatiojts . — A blood count on Feb. 12, 1932, showed: hemoglobin, 47 per 
cent ; red blood cells, 2,890,000 ; white blood cells, 21,000 ; polymorphonuclears, 76 
per cent. 

Urinalysis showed : specific gravit 3 ', 1.012, acid, a few single white blood cells 
and no albumin. 

A blood culture on Febrarj^ 12, was sterile. A smear of pus obtained at opera- 
tion, on February 13, showed gram-positive cocci; no tubercle bacilli were seen. 
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A culture yielded the pneumococcus type III. A culture of the urine on February 
13 showed tlic pneumococcus type III and Staphylococcu.s albus. 

Roentgen c.Naminntions were ns follows; On February 12, c.vaminalion of the 
spine showed no evidence of osteomyelitis. There was moderate hypertrophic 
spondylitis of the lower dorsal and Ininbar bodies. On March 2, reexamination 
of the lumbosacral si)iiic showed almost complete disappearance of the right 
transverse process of the second lumbar vertebra, and an exaggeration of the 
spondylitis, involving the second and third vertebrae. There was marked clouding 
of the entire right mastoid process. 

Commeui . — This is considered to be a ease of otogenic sepsis, due 
to the pneumococcus type III, consequent on a latent spontaneously 
healing thrombophlel3itis of the right transverse sinus, with metastatic 
infection of the lumbar vertebrae. 

Case 6. — R. V., an infant 2 months of age, was admitted to the hospital on 
Sept. 10, 1923, with the history of a bluish swelling on the back of the neck, 
present at birth ; this became hard and two weeks later discharged pus, which 
continued to drain up to the time of admission. For six days before admission, 
fever had been noticed. For five days the infant had not been able to move her 
left arm. 

Physical examination revealed a reddened area of induration on the posterior 
aspect of the neck. The infant could not move either arm. The upper extremities 
showed flaccid hj'potonia with anesthesia. The right lower extremity was spastic. 
Aspiration of the swelling yielded a few drops of pus. 

Operation . — On September 12, operation revealed a large collection of pus 
under tension, deep to the erector spini muscles; in the base of the abscess rough 
bone was exposed, which was thought to be the left transverse process of the 
fifth or sixth cervical vertebra. 

Course . — The wound healed satisfactorily, the motor and sensory disturbances 
cleared up and the patient was discharged. Convalescence was uneventful except 
for a period of aggravation of the symptoms of infection with transient bacteremia 
about September 22. 

Laboratory Observations . — A blood count on Sept. 11, 1923, showed: white 
blood cells, 40,200; polymorphonuclears, 54 per cent. 

A blood culture on September 14 was sterile. On September 22, a culture 
revealed 200 colonies of Staphylococcus aureus per cubic centimeter. 

Cultures of the cerebrospinal fluid showed : on September 12, 24 cells and 
sterile fluid; on September 22, Staphylococcus albus and Streptococcus anhemo- 
lyticus; on September 23, 2 cells; on September 28, sterile fluid; on September 
29, sterile fluid. 

A smear of the pus from the abscess of neck removed at operation on Sept. 

12, 1923, was negative; a culture was sterile. 

Comment. — The nature of the swelling present on the back of the 
neck was not definitely ascertainable. There was no evidence to indi- 
cate that a meningocele existed. The primary condition was probably 
a hematoma, possibty resulting from birth trauma, which became secon- 
darily infected. 

Case 7.— R. A., a woman aged 58, was admitted to the hospital on^ Dec. 12, 
1927, with the history of a sudden onset of pain in the right knee radiating up to 
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tin- groin, tlircc nionllis before .ndmission. This persisted, was constant and lancin- 
;\ting and was aggravated by motion and damp wcatltcr. At the same time, the 
paticiit noted a swelling in the right groin, which was very tender and increased 
in sire. The temperature varied from 100 to 10-1 F. throughout the three months. 
There was a loss of 30 pounds (13.6 Kg.), in three months. Roentgenograms of 
the spine t.aken outside the hospital were said to have been negative. (There was 
a vague history of osteomyelitis of the right twelfth rib twenty years before.) 

Physic.al examination revealed a cachectic woman with swollen, tender right 
inguinal lymph nodes; the .abdomen relaxed; there was no tenderness and no 
masses were palpable. The right knee was flexed and there was pain on c.xtcnsion 
referred to the groin. There was a small well healed scar over the right twelfth 
rib. The diagnosis made -was that of hidden malignant neoplasm with metastases 
to the right groin. 

Course . — On December 17, spasm of the right psoas muscle was noted, so that 
abscess of that muscle was suspected. The temperature rose; the patient did 
poorly and died on December 20. 

Laboratory Obscit'alioiis . — A blood count showed : white blood cells 8,300 ; 
polymorphonuclears, 80 per cent. 

The urine contained no albumin, sugar, casts or red or white blood cells. 

A roentgenogram of the spine, taken on Dec. 19, 1927, was reported as show- 
ing a marked degree of hypertrophic spondylitis between the bodies of the twelfth 
dorsal, first lumbar and transverse processes of the second, third and fourth lum- 
bar vertebrae on the left side. The left twelfth rib was markedly thickened and 
irregular, with areas of possible destruction. The eleventh rib also showed 
similar changes. The appearance of the bones suggested an inflammatory rather 
than a malignant process. 

Autopsy . — Postmortem examination revealed a large retroperitoneal abscess 
along the course of the right psoas muscle containing 1 liter of greenish pus, 
compressing and destroying the psoas muscle. The posterior wall of the abscess 
was formed by dense scar tissue extending upward to the eleventh rib. The 
bodies of the third and fourth lumbar vertebrae were found to be eroded. The 
body of the third lumbar vertebra contained a rather old abscess lined by a mem- 
brane of granulation tissue near the posterior surface. There were several small 
abscesses in the fourth lumbar vertebra. 

Pus from the psoas abscess contained hemolytic streptococci and B. pyocyaneus 
on culture; smear showed only gram-positive cocci in chains. 

Comment. — ^This, then, tvas a case of purulent osteom3feIitis of the 
lumbar vertebrae with the formation of a tremendous retroperitoneal 
abscess. The primary focus may have been an osteomyelitis of the 
ttvelfth rib on the right side, twenty years before. However, the 
existence of this lesion was not definitely remembered. At autopsy 
the ribs were not examined. 

Case 8. — L. A., a woman aged 44, was admitted to the hospital on Nov. 21, 
1928. She had a history of diabetes for ten years. Two years prior to admission, 
she suffered from a carbuncle of the neck subsequent to which there was a scries 
of abscesses in the right foot and leg, left leg, right clavicular region and left 
thigh. She entered because of pain in the right hip. knee and leg, with anorexia 
and vomiting for three weeks. 
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Pliysicnl cxnitiinatioii revealed an tindernonn'slied. undersized woman with 
icudcrness over (he riglil costoverlcbra! angle and over tlic spinous process of the 
twelftli thoracic and first and second lumbar vertebrae. I’lie diagnoses made were 
ab.sccss of the right p.soas muscle and ostcom.vclitis of (he left tibia with sub- 
periosteal abscess. 

Opci'atioii . — Five ounces (141 Gm.) of juis was evacuated from (he abscess 
of the right psoas muscle; bare hone was not felt. Incision and drainage of the 
subperiosteal abscess of the left leg were also performed. 

Course. — Botl) wounds discharged large amounts of thick pus. Pos (operatively, 
the patient did poorly. The diabetes was not controlled well, and at one time 
the patient sank into stupor with ketosis, from which she was resuscitated. On 
Jan. 27, 1929, pain over the ]o\vcr cervical spine was noticed. There was edema 
of the face and hands. A week later the patient began to complain of pain in 
the neck. There was swelling with some induration over the lower cervical region 
with a sense of deep fluctuation. There was marked local tettderness with pain 
on motion. On January 16, incision and drainage of a posterior cervical abscess, 
apparently extending to the spinous process of the seventh cervical vertebra, were 
performed. The patient did poorly and died on February 6. 

Laboratory Obscii/alioiis . — A culture of pus from the abscess of the psoas 
muscle on Nov. 27, 1928, revealed Staphylococcus albus. A culture of pus from 
the subperiosteal abscess of the left leg on November 27 revealed Staphylococcus 
albus. A culture of pus from the cervical abscess on Jan. 27, 1929 revealed 
Staphylococcus aureus. 

A roentgenogram taken on Nov. 24, 1928, showed bony abscesses in the left 
tibia. On Jan. 14, 1929, a roentgenogram of the cervical spine showed no abnor- 
mality in the bones, although there was an absence of the normal cervical lordosis. 
Whether this was due to the posture of the patient or to an inflammatory process 
could not be stated. 

Autopsy .- — Postmortem examination revealed an abscess cavity, 1 cm. in diam- 
eter, in the right transverse process of the third lumbar vertebra. From this 
region pus extended beneath the muscles along the inner surface of the ilium. It 
was this area behind the psoas muscle which had been drained by the operation. 
There was also osteomyelitis of the fifth cervical vertebra and of the left tibia. 
In addition, there were multiple metastatic abscesses of the right kidney, heart 
and lungs, with pyopneumothorax. 

Comment . — This case was that of a patient with long-standing 
diabetes on whom a carbuncle developed, with resultant bacteremia and 
metastatic abscesses situated in the viscera and bones. 

Case 9. — D. R., a woman aged 59, was admitted to the hospital on Oct. 7, 1928, 
with a history of infection of the respiratory tract four weeks before admission, 
lasting ten days, ending by crisis and diagnosed by her physician as “pneumonia.” 
Three weeks before admission she began to experience a dull ache in the right 
buttock, accompanied by tenderness on pressure, local heat and swelling. These 
S3rmptoms progressed in severity up to the time of admission. 

Physical examination revealed a circumscribed swelling of the right buttock 
with questionable fluctuation. No redness over the swelling and no glycosuria were 
observed. A diagnosis of abscess of the buttock was made. 

An operation was performed on October 7. A large abscess cavity containing 
thick, greenish pus was found extending mesially to the periosteum over the 
sacrum, which was apparently intact. 
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Coiiw. — The abscess was draining satisfaclorilj- and the patient was doing well 
when, on October 24, she had a chill lasting twenty minutes and later complained 
of abdominal pain and tenderness. The same day, tenderness and distention 
became marked, and signs of fluid in the abdomen were present. Abdominal 
puncture was performed and pus obtained. The patient died the next day, 
October 25. 

Laboratory Obscrx'altoiis. — A blood count on October 24 showed: white blood 
cells, 13,600; polyinorphonuclears, 83 per cent. 

The urine was normal. 

A smear of fluid obtained by abdominal puncture showed gram-positive diplo- 
cocci surrounded by capsules. In a culture of abdominal pus (obtained on 
October 24) the pneumococcus type IV was grown. 

Autopsy . — Postmortem examitiation revealed small necrotic abscesses in the 
bony substance of the third and fourth lumbar vertebrae. These communicated by 
a fistulous tract with the incision in the right buttock. There were also fresh 
adhesions over the right lower lobe of the lung. There was a generalized purulent 
peritonitis, consequent on perforation of a secondarily infected echinococcus cyst of 
the liver. A culture of pus from the vertebral abscess revealed the’ pneumococcus 
type I\', 

Comment . — This is a case of respirator}' infection, probably pneu- 
monia of the right lower lobe (fresh adhesions were found there post 
mortem), with bacteremia, metastatic infection of the third and fourth 
lumbar vertebrae and a preexisting echinococcus cyst of the liver. 
The latter ruptured and produced a fatal peritonitis. Of interest are 
the following considerations : 

1. The condition presented itself as an abscess of the right buttock. 
The etiology, namely, osteomyelitis of the vertebrae, was not established 
at operation nor was it suspected clinically. 

2. No mention was made of tenderness over the spine in the physical 
examination. 

Case 10. — I. F., a youth, aged 19, was admitted to the hospital on March 11, 
1928, with a history of severe pain in the right ear a month before admission. The 
day after the onset of the pain, myringotomy was performed and a thin purulent 
discharge escaped from the middle ear. The patient was doing well until three 
days before admission, when the discharge ceased. Two days later he again had 
severe pain in the right ear with a thick discharge,. thicker and more profuse than 
previously. One week before admission he had had a chill lasting five minutes. 

Physical examination revealed an acutely ill young man, with a temperature of 
103.4 F., a thick, purulent discharge from the right middle ear, sagging of the 
canal wall and impairment of hearing. The diagnosis of acute mastoiditis was 
made. 

Operation . — The patient was operated on on March 11. The mastoid process 
contained a few scattered small abscesses with little breaking down of the bone. 

Course . — On March 12, there was a chill. The patient complained of headache 
and a bilateral Kernig sign was present. On March 13, the patient began to com- 
plain of pain in the right upper quadrant of the abdomen. This was considered 
pleuritic. On March 16, a pleural friction rub was heard over the right side of the 
chest anteriorl}' with diminished breath sounds. Thereafter dulness developed over 
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tile side of tlie cIjcsI posteriorly. On M.'ircJi 30 :iii nhsccss iti the right but- 
tock, wliicli Iind grndiinlly been fonninp:, was incised and drained. On April 19, 
tliere was tenderness of tlie si)inons jnaiccsses of tlic seventli and ciplitli dorsal 
vertebrae. On April 10, pns was aspirated from tlie ri^bt side of the chest 
posteriorly. 

Ol'craiion . — On Aiiril 10, thoracotomy was performed with resection of the 
seventli and eighth ribs on the right side. A well encapsulated cavity was found 
the lateral wall of which was interpreted as the e.vternal surface of the parietal 
mediastinal pleura. The mesal limit was the under surface of the ribs noted, and the 
anterolateral aspects of the bodies of the seventh and eighth dorsal vertebrae were 
laid bare. Tliere was a recess leading to the body of the seventh vertebra, hut at 
that point bare bone could not be felt. In contrast to the other, this vertebral bodj' 
was tender to pressure. 'Flic abscess cavity was drained, and the patient recovered 
Completely after an uneventful convalescence. 

Laboratory Observations. — On March 11, 1928, pus from the middle ear yielded 
the pneumococcus type I on culture. A blood culture on March 12 revealed the 
same organism. Three subsequent blood cultures were sterile. A culture of pus 
from the abscess in the buttock on March 30 was reported as showing gram-posi- 
tive diplococci overgrown by Staphylococcus albus. Pus from the mediastinal 
abscess on April 10 revealed the pneuiiiococcus tj'pe I. 

On March 19, a roentgenogram of the chest showed a shadow extending ante- 
riorlj' from the mediastinum, considered to be a partial consolidation of the mesial 
half of the right lung. On April 3, a roentgenogram of the chest showed this 
shadow to be more extensive, denser and more sharply demarcated. 

Comment . — This is interpreted as a case of acute mastoiditis with 
transient bacteremia after mastoidectomy, consequent metastatic abscess 
of the seventh thoracic vertebra, perforation and a resultant mediastinal 
abscess. 

GROUP II. TYPE WITH SYMPTOMS OF DISEASE OF THE 
NERVOUS SYSTEM 

Case 11. — A. D., a woman, aged 47, had a cholecystectomy performed in 
October, 1926. At that time the operating surgeon reported the presence of only 
a single large gallstone. The patient was well until March, 1927, when she began 
to suffer from severe pain in the right upper quadrant of the abdomen, chills, fever 
and jaundice. In May, she was operated on at another hospital for the relief of 
these symptoms. However, a few weeks before her admission on Feb. 29, 1928. 
she began to suffer from abdominal pain, chills and fever. 

Physical examination revealed an acutely and chronically ill woman, with jaun- 
dice, a temperature of 103.8 F., two operative scars in the right upper quadrant of 
the abdomen and some tenderness in the epigastrium. The diagnosis was obstruc- 
tion of the common bile duct with cholangeitis. 

Operation.— On March 3, the patient was operated on ; a large mass of exudate 
was found around the common duct and porta hepatis. The common duct was 
dissected free and a tube placed in it, resulting in the immediate escape of bile. 

Course. Postoperatively, although there was adequate drainage of bile, the 

patient continued to have a high septic temperature, fluctuating between 99 and 
105 F. On March 22 she began to complain of pains and paresthesias in both legs. 
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Kik'c jerks .-ind niil;lc jerlcs were ;il)sciit. Tlierc were tenderness of muscles and 
alouR the nerve trunks and impaired sensory perception, involving chiefly pain, 
temperature and deep muscle seiisilu'lity in lioth lower extremities. Tlie diagnosis 
was to.xic neuritis due to the long-standing infection. On itfarch 24, the patient 
began to suffer from inability to void properly. On Afarch 28, it was noted that 
she had a suhfehrilc temperature with occasional attacks of high fever. There 
was marked paresis of both lower extremities with beginning foot-drop, loss of 
both knee jerks and ankle jerks, loss of all forms of sensation in the left leg from 
the midcalf down and in the right leg from the knee down, and tenderness over the 
second and third sacral vertebrae. On March 31, the diagnosis made was epidural 
abscess with secondary involvement of the spinal cord at the level of the tenth 
dorsal vertebra. On .‘\pril 1, the temperature began to mount again, the patient 
complained of headache, there was some rigidity of the neck and the general condi- 
tion was poorer. The Qucckcnstedt test was performed, with flie needle in the 
third lumbar interspace. The inpression was that no block e.xisted. Cerebro- 
spinal fluid removed showed evidence of meningitis, but there were no clinical 
indications of cerebral infection. A Qucckcnstedt test performed on April 3 indi- 
cated the probable presence of spinal cord block. On April 4, the mentality was 
still clear. The next day the patient became irrational, irresponsive and later 
stuporous ; the pulse became rapid and feeble, and death occurred on April 5. 

Laboratory Observations . — A blood count on March 12, 1928, showed; white 
blood cells, 5,000; pob'morphonuclears, 48 per cent. 

Urinalysis on March 1 revealed bile, urobilin, albumin and white blood cells. 

On March 1 a blood culture showed Streptococcus viridans; on March 5, no 
growth, on March 12, Streptococcus viridans. 

On April 1, the cerebrospinal fluid was turbid and contained 10,000 cells per 
cubic centimeter, with 98 per cent polymorphonuclear leukocytes. Only gram- 
positive cocci were seen on smear. These failed to grow in cultures. 

Autopsy . — Postmortem examination revealed a purulent cholangeitis with mul- 
tiple abscesses of the liver, one of which had invaded the main right hepatic vein, 
causing thrombophlebitis at that point. One centimeter from the porta hepatis 
there was complete stricture of the common bile duct. There were widespread 
metastatic abscesses in the viscera. The third lumbar vertebra was the seat of a 
wedge-shaped area of necrosis communicating with the epidural space. There was 
an epidural abscess extending from the third lumbar to the .ninth thoracic vertebra. 
The body of the second lumbar vertebra presented several softened areas in the 
bone communicating with the spinal canal by means of a perforation through which 
a probe could be passed. Exposure of the spinal canal, in so far as it was possible, 
revealed the presence of a subdural abscess extending from the cauda equina to 
the highest point of the incision permitted (the limit was not stated; it was prob- 
ably up to the midthoracic vertebrae). There was also a purulent leptomeningitis. 
A smear of the pus from the vertebrae revealed gram-negative bacilli (probably 
a postmortem invader). Cultures were not taken. 

Comment . — ^This case was one of stricture of the common bile duct 
with resultant cholangeitis and cholangeitic abscesses of the liver, 
thrombophlebitis of the hepatic vein with resultant bacteremia and 
multiple metastatic abscesses. Some of these had occurred in the bodies 
of the second and third lumbar vertebrae, rvhence there occurred per- 
foration into the epidural, then into the subdural and finally- into the 
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spinal subarachnoid si^acc. causing fatal Icjitoincningitis. Tliis case was 
diagnosed in vivo. Of intcre.'it arc the following considerations: 

1. Clinically, tenderness had been elicited over the spinous processes 
of the second and third sacral vertebrae; however, at j)ostinortein exami- 
nation the osteomyelitic foci were found to be in the second and third 
lumbar vertebrae. 

2. The first indication of the presence of vertebral disease was that 
of pressure on the nerve roots. 

3. Although examination of the brain was not permitted at necropsy, 
undoubtedl}’- a cerebral leptomeningitis must have been present. The 
spread of the infection from the spinal to the cerebral leptomeninges 
could be followed b}' parallel changes in the clinical condition of the 
patient, i. e., at first only signs of spinal cord disease and later the head- 
ache, irrationalit}’’, and stupor of cerebral disease. 

Case 12. — I. G., a 43 year old man, with a known history of diabetes for six 
months, entered the hospital because of pyuria, frequency and dysuria, beginning 
two montlis before admission. Later there developed urinary retention and drib- 
bling. For two weeks there were numbness and weakness of both lower extremi- 
ties, progressive up to the time of admission. Eight days before admission a 
bedsore developed over the sacrum. 

Physical examination revealed a weakened, chronically ill looking middle-aged 
man. There was a large decubitus ulcer over the sacrum and buttocks. Below the 
level of the seventh dorsal vertebrae there was a loss of all sensation, muscular 
power and deep reflexes. The patient was considered to be suffering from a trans- 
verse myelitis, toxic in nature, due to cystitis. 

Course. — The patient did poorlj’, and died the day after admission. 

Laboratory Observations. — The urine contained a large amount of pus. 

Autopsy. — ^There was a purulent cystitis with a prostatic abscess. In addition, 
there was an epidural abscess extending from the ninth dorsal to the sixth cervical 
vertebrae with extension into the right thoracic cavity and consequent fibrino- 
purulent pleurisy. In the muscle there was a walnut-sized abscess just opposite 
the intervertebral foramen between the spinous and right transverse processes of 
the ninth dorsal vertebra which had perforated into the epidural space. No evi- 
dence of osteomyelitis was found. 

Comment. — This is interpreted as a case of purulent prostatitis with 
a metastatic abscess, situated in the muscle immediately opposite an 
intervertebral foramen, which perforated into the epidural space. Of 
interest are the following considerations : 

1. The complication, epidural abscess, may so dominate the clinical 
picture that the primary etiologic condition may be clinically silent. 
On examination of the patient, it may be impossible to differentiate a 
case such as this one from one of epidural abscess secondary to osteo- 
myelitis of the vertebra. 

2. Osteomyelitis of the vertebra is not the only cause of epidural 
abscess. 
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Giuun' m. TVl’E WITH PAIX IX THE BACK AND FEVER 

Ca^i; 1a. — C. G., a woman, agal 56, was admitted to the liospital on Sept. 11, 
1930, with a history of an infection of a finger of her left iiand four months before. 
Tliis was followed by swelling, tenderness and redness of the entire left arm, chills, 
a temperature up to 106 F. and general weakness. The diagnosis was erysipelas. 
The fever subsided after ten days, and there followed slight desquamation of the 
skin of the arm. For two weeks thereafter the patient was weak. Two weeks 
later (three months before admission), she began to have a sharp hammering pain 
beginning in the sacral region, c.xtcnding to both hips and thighs, occurring daih’, 
worse at night, aggravated by motion and baking, and relieved only by drugs taken 
on the day before admission. Eight days before admission she was seized with a 
severe paroxysm of pain in the neck necessitating her going to bed. That night 
there was delirium. Thereafter there were a high temperature, ranging from 101 
to 105 F., profuse sweats and loss of appetite. The day before admission the 
patient began to suffer from dyspnea and cough, with only slight expectoration. 

Physical examination revealed an acutely ill woman, aged 56, who breathed 
rapidly, with a slight expiratory grunt, coughed occasionally, without the produc- 
tion of sputum, and had flushed checks. The temperature was 102 F., the pulse rate 
110 and the respiratory rate 26. There was some dulness, with numerous coarse 
clicking rales over the base of the right lung where the breath sounds were some- 
what diminished. There were no signs of fluid or tenderness of the ribs. There 
was tenderness in the right costovertebral angle. There was some tenderness on 
percussion over the lumbosacral and sacro-iliac articulations. The diagnosis made 
was that of bronchopneumonia of the right lower lobe and chronic sacro-iliac 
arthritis. 

Course . — The clinical signs over the right lower lobe persisted unchanged. 
Because of tenderness over the right costovertebral angle, the diagnosis of meta- 
static abscess of the right kidney was temporarily entertained. About a week after 
admission, the patient began to have tenderness in the region of the liver. It was 
thought that she might have osteomyelitis of the rib and, therefore, two aspirations 
were made (September 18) at the level of the right fourth rib without encounter- 
ing pus. A day later the patient began to complain of pain in the legs. There was 
cutaneous hyperalgesia present but noi definite evidence of a spinal cord lesion. 
There was no appreciable tenderness over any portion of the vertebral column. 
There was a persistent plateau temperature, averaging about 104 F. On September 
19, a diffuse, tender, erythematous pitting induration was seen on the posterior 
aspect of the right leg. This process spread progressively up to the thigh. On 
September 20, the patient had a slight chill, which was the first observed since 
admission. On September 21, exploratory aspiration of the right groin was per- 
formed; there was no pus, but some oily droplets were obtained. The patient 
became jaundiced, sank into stupor and died on September 22. 

Laboratory Observations . — A blood count on September 11 showed: white blood 
cells, 18,700; polymorphonuclear leukocytes, 84 per cent. 

Urinalyses on September 11 to 20 showed albumin, one plus, and a few single 
and very few clumped white blood cells. 

Cultures of the urine on September 11, 17 and 20 yielded B. coli. A blood cul- 
ture on September 11 was sterile; on September 16 a culture yielded 33 colonies of 
Streptococcus hemolyticus per cubic centimeter; on September 21, 225 colonies of 
Streptococcus hemolyticus per cubic centimeter. 

On September 12, a roentgenogram of the chest showed thickening of the pleura 
over the right lower lobe with possible calcification. On September 16, a roent- 
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gciiograiii of the ahcloiiicii, taken because of the postulated diagnosis of riplit peri- 
ncpiiritic abscess, revealed only dilated bowel containing inncli gas. 

Postmortem e.xainination revealed a suppurative spondylitis and peri- 
spondylitis involving the bodies of the fifth lumbar and first sacral vertebrae, with 
softening and purulent destruction of the intervening intervertebral disk. This 
process had spread anteriorly, causing a siipimrative innammation of prcvertcbral 
fatty tissue with suppurative thrombophlebitis of the right common iliac and 
c.'cternal iliac veins. 

Coiiniicnt. — This is iiitcrjtreted ;is a ease of osteoin^'clitis of the 
vertebrae consequent on a bacteremia, jtrobably present at the time of 
the infection of tlie left arm four months before admission. Tlie sup- 
purating focus perforated anteriorly and produced a purulent thrombo- 
phlebitis of the right common iliac vein ivith consequent overwhelming 
bacteremia and a fatal outc6me. In the light of the postmortetn knowl- 
edge, the process in the right calf, noted clinically, was considered to be 
due to retrograde phlebitis of the veins of the right lower extremit\', 
although this was not definitely determined at nccrops}'. Of interest 
are the following considerations: 

1. Although there was some tenderness over the sacrum and the 
sacro-iliac joints on admission, this did not increase and was not more 
marked than that elicited over the rest of the spine. 

2. A flat x-raj'’ plate of the abdojnen ivas taken on September 16, 
because one of the diagnoses under consideration was a right peri- 
nephritic abscess. While it is true that this roentgenogram was not 
taken for the specific purpose of detecting the presence of osteomyelitis 
in the lumbosacral spine, nevertheless, at the time the roentgenogram 
was taken, the patient undoubtedly had had the inflammator}'- process 
in the vertebrae for about four months; yet on retrospect considera- 
tion of the x-ray plate, no evidence of disease in the fifth lumbar or 
first sacral vertebra (no lateral view) could be seen. 

3. There was no clinical index of local inflammatory disease except 
the complaint of pain. 

GROUP IV. TYPE WITH WIDESPREAD SUPPURATION 

Case 14. — D. A., a man, aged 60, was admitted on Oct. 5, 1926, with a history 
of severe pain in the left side of the abdomen and back, chills, fever and profuse 
sweats for three days. 

Physical examination revealed a well developed man of 60, not looking espe- 
cially ill; the tongue was coated and the pharynx reddish and dry; dulness and 
numerous moist rales were noted at the base of the right lung posteriorly and an 
inconstant sense of resistance in the right upper quadrant of the abdomen ; the liver 
could be percussed three fingerbreadths below the right costal margin. The tempera- 
ture was 98.2 F., the pulse rate 78 and the respiratory rate 20. The blood pressure 
was 122 systolic and 80 diastolic. The diagnosis of resolving bronchopneumonia at 
the base of the right lung was made. 
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( tiursc . — On Oclolicr d tlic pnliciit Iia<I n cliill witli a rise in temperature to 
104 1^ Tcmlcrncjs and .'■pnslicity over the right side of the abdomen and the right 
lumbar region were noted. A cathctcrir.cd specimen of urine contained pus and a 
faint trace of iiilc. Tiic diagnosis of right pyonephrosis was made. On October 8, 
a ebiU occurred. On October 9, cystoscopy with ureteral catheterization showed 
numerous white Idood cells coming from both kidneys, with a few clumps of white 
l.'lood cells from the right side. On October 11, herpes labialis appeared; a note 
was made of thick tenacious sputum. On October 13 and 20, a chill occurred. On 
October 21, the suspicion of a right subphrcnic abscess was entertained; the right 
halt of the diaphragm moved less than the left. The liver and subphrenic space 
were aspirated; no pus was encountered. On November 1, the patient had a severe 
sh.aking chill. He complained of pain in the right upper quadrant. The only 
physical finding elicited in the abdomen was voluntary spasm. Later that day, 
tenderness and a mass in the right upper quadrant developed, the conjunctivae 
became icteric and the liver was tender to percussion. A hepatic abscess was sus- 
pected. Bile was found in the urine the next day. On November 12 there was no 
disturbance in motioti of the right side of the diaphragm and no tenderness over 
the liver on jarring. On November 20 the patient complained of pain in the lower 
part of the back. On November 28 he had severe pain in, and marked tenderness 
over, the sacrum. A low grade fever persisted. There was a varying leukocytosis. 

The patient was discharged at his own request on Pecember 2. He was read- 
mitted on Jan. 26, 1927. He was emaciated and moribund, and Icyphosis had 
developed over the lower part of the spine since his discharge. In the interim he 
had been fairly well, and had spent most of the time in bed; the only complaint 
was pain in the back on rising. On the day of admission, he had two severe chills, 
followed by profuse sweats. The temperature was 104 F., the respiratory rate 30 
and the pulse rate not obtainable. The patient did poorly and died a few hours 
after admission. 

Laboratory Observations . — Blood counts showed: on October 6, 1926, white 
blood cells, 41,800, and polymorphonuclears, 92 per cent; on October 7, white blood 
cells, 24,400, and polymorphonuclears, 94 per cent; on October 16, white blood 
cells 10,400, and polymorphonuclears, 76 per cent; on November 11, white 
blood cells, 29,000, and polymorphonuclears, 88 per cent; on November 29, white 
blood cells, 20,000, and polymorphonuclears, 86 per cent. 

On Oct. 7, 1926, a culture of the blood yielded the Friedlander bacillus, 300 
colonies per cubic centimeter in twelve hours. On the patient’s readmission on 
Jan. 26, 1927, a culture showed: 145 colonies of the bacillus per cubic centimeter in 
twelve hours. On Oct. 8, 1926, a culture of the sputum yielded the Friedlander 
bacillus. In cultures of the urine on October 12 to 20 the Friedlander bacillus was 
found three times. The Wassermann reaction of the blood was negative. 

From Oct. 6, 1926, to the time of the patient’s discharge urinalysis repeatedly 
showed many white blood cells, often clumped. The reaction to the albumin test 
was always one plus. On November 2, bile and urobilin were present; on Novem- 
ber 3, bile. 

On Oct. 6, 1926, a roentgenogram of the chest showed deficient aeration of the 
base of the right lung perhaps due to a recent pneumonia. The right side of the 
diaphragm was slightly elevated. On October 12, the lungs showed no abnor- 
mality ; the right side of the diaphragm was somewhat elevated, but not sufficiently 
to warrant the diagnosis of a subphrenic abscess. On November 13, the dorso- 
lumbar spine showed a marked degree of hypertrophic spondylitis. On November 
20, a roentgenogram of the chest revealed few small infiltrations of a resolving 
pneumonia at the base of the right lung. 
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Po.stiiiortciii (.■xaruiimlioii revealed an emaciated man with a hypliosis 
in the region of tlie first Inmhar verlehrae. The lungs were Jiormal except for 
fibrous j)!cnral adhesions. In tlie alulomen, between the licpatic flc.xnrc of the 
colon, liver, gallbladder and first portion of the dnodennm, there was a lociilatcd 
abscess containing thick green pns. In the papilla of Vater was a facette<! pigment 
.stone, 15 mm. in diameter; the comtiwn duct w’.'ia not inflamed, but was greatly- 
dilated (30 mm. wide when oj)cn) and filled with greenish-yellow pns. A few 
other stones were found in the bile passages. The neck of the gallbladder opened 
directly into an abscess in the right lobe of the liver adjacent to it, the size of a 
large apple. This contained grceni.sh pits, and its u-all consisted of a shnggy 
necrotic membrane. Parts of the necrotic walls of tlie gallbladder were still 
attached to portions of the wall of the abscess. A direct extension of the hepatic 
duct entered the abscess cavity. One of the smaller branches of the left division 
of the portal vein lying in the abscess area had become invaded and contained a 
purulent thrombus, which extended a considerable distance proximal and distal to 
its seat of primary involvement by retrograde thrombosis, but the main stem of the 
portal vein was free. 

The kidney-s ^\’erc macroscopically normal; microscopically they- showed cloudy 
swelling, infiltration of the stroma with lymiphocyte and leukocyte cells and the 
formation of many small abscesses. 

The prevertebral tissue in the region of the lumbar spine was thickened and 
suppurated. The first lumbar vertebra was in part destroyed, including the inter- 
vertebral disk between the first and second lumbar vertebrae. 

A culture of pus from the hepatic abscess and first lumbar vertebra showed 
Friedlander’s bacillus (Bacterium mucosum-capsulatum) in all cultures. Smears 
showed pus and gram-negative bacilli. 

Comment . — In this case one cannot be certain whether tJte suppura- 
tive cholangeitis, due to Bact. mucosum-capsulatum, was primar)'^ or 
whether there first occurred a pneumonia caused by that organism, with 
bacteremia and metastatic infection of the biliary passages, obstructed 
by calculi in the common bile duct. The abscess of the liver was prob- 
ably secondary to cholangeitis. Although no gross thrombophlebitis of 
the hepatic vein radicles was demonstrated, the hepatic abscess was 
probably the cause of the bacteremia leading to the I'enal and vertebral 
abscesses. However, all the pathologic processes found at necropsy 
may have been due to a bacteremia at the onset of the disease with a 
pneumonia due to Bact. mucosum-capsulatum. Of interest are the 
following considerations ; 

1. The unusual occurrence of a case of osteomyelitis due to Bact, 
mucosum-capsulatum (Friedlander’s bacillus). 

2. The acute development of a gibbus due to suppurative non- 
tuberculous spondylitis. 

Case IS.—J. R., a man, aged 30, was admitted to the hospital on Oct. 13, 1930, 
with the history that ten days before admission a boil developed on the back of 
the neck, which he squeezed during the subsequent two or three days. This was 
followed by complete healing of the abscess a few days later. Four days before 
admission, a mild pain developed in the interscapular region winch rapidly became 
worse. On motion, the patient had sharp pain locally, with radiation down the left 



KLi:ix~().s nioMVHi.rns nr iiiurriuiAii 


193 


5;(!c. On thr iicNt tiny lu: I'ccan tn fed fcvciish. One day lalcr, two days iicforc 
admission, he laid a shahint: diill la<.|ini: :in hour, which was rc|)catcd the night 
I'ctorc a<!nii>'Sinn. hor Ih.e three days prior to n<hnissinn, he Itad marked anorexia, 
general tnalaisc, licadaehe. profuse sweating and constipation. 

I’hysieal cNarnination revealed an acutely ill tnau Cfuiiplaining of pain iu the 
midthoraeic spine. There wa*- tlie '■ear of a well healed abscess on the hack of the 
neck. Me.xif'u of the nccl; was limited hy pain in the midthoraeic region, pre- 
sumably (h:c to s]insm of the muscles. There was n short systolic murmur at the 
apex. Xo diastolic nmrntttrs were heard. There was some fulness of the prostate 
'sith riuestionahle tenderness. ’J'liere w.t- e.wjuisite tendernc.ss over the spinoua 
Itroccss of the fifth thoracic vertebra with some tenderness over the spinous proc- 
esses of the fourth and sixth thoracic vertehrae. To the right of the fourth 
thoracic vertebra there was some sli.ght tenderness and fulness of the soft tissue. 
There was bilateral costovertebral tenderness. The diagnosis was Staphylococcus 
aureus sepsis with metastasis to the siiiiie (fifth thoracic vertebra). 

Cojir.tr. — On October 14 a Kernig sign developed on the left, the knee jerks 
W’erc depressed and the uiiper abdominal reflexes were diminished. Abdominal 
rcflc-xcs were not elicited on October 15. .At this time, a prominence of the soft 
tissue was seen to the left of the spine at the level of the fourth and fifth thoracic 
vertebrae, construed as indicating deep suppuration. 

Operaiiou. — The patient was operated on on the night of October 15. There 
was no free pus found to correspond to the swelling of the soft tissue. The laminae 
of the fourth, fifth and seventh thoracic vertebrae were removed ; the fifth thoracic 
seemed definitely sclerosed. An extensive epidural abscess was encountered and 
drained. 

Course. — ^Thc patient did not do well, and died on October 19, three days post- 
operatively. 

Laboratory Observations. — A blood count on October 13 showed: white blood 
cells, 18,000; polymorphonuclcars, 78 per cent. 

On October 14 the urine showed albumin, one plus, but w’as otherwise normal. 

Cultures of the blood showed; on October 13, 7 colonies of Staphylococcus 
aureus per cubic centimeter; on October 17, Staphylococcus aureus colonies too 
numerous to count. 

On October 14, a roentgenogram of the spine showed evidences of an old lesion 
at the level of the fourth and fifth thoracic vertebrae with resultant scoliosis, the 
convexity being to the left. There was no definite evidence’ of osteomyelitis. 

Autopsy . — Postmortem examination revealed gram-positive cocci in a staphylo- 
coccus formation in fresh vegetations on the aortic and mitral valves. There were 
miliary abscesses in the lungs, liver, kidneys, spleen, colon and skin, and a recent 
purulent prostatitis. The body of the fourth thoracic vertebra showed suppuration 
in its right lateral portion. There was suppuration in the surrounding paraverte- 
bral structures and in and about the fourth right costovertebral articulation. No 
perforation was seen leading from the body of the fourth thoracic vertebra into the 
epidural space. An extensive epidural abscess was found, apparently secondary 
to the suppuration in and about the fourth right costovertebral articulation. On 
October 15, from the epidural abscess yielded Staphylococcus aureus on culture. 
On October 17, vegetations from the aortic and mitral valves showed gram-positive 
cocci in staphylococcus formation. 

Comment . — This patient had an acute bacterial endocarditis, most 
probably secondar}'^ to squeezing a furuncle of the neck, with multiple 
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metastatic abscesses, one of which was situated in the fourth thoracic 
vertebra and gave rise to an epidural abscess. Of interest is the fol- 
lowing consideration : 

It is jjossible that the localization of bacteria occurred in the body 
of the fourth thoracic vertebra because of the existence of an old 
lesion of this bone, as evidenced by the x-ray plate and the sclerosed 
bone removed at operation, which had given rise to the scoliosis and 
possibl)' created a “locus minoris rcsistentiae.’’ 

Case 16.— A. S., .a man, aged 30, was admiUed to the hospital on May 30, 1927, 
with a known history of Hodgkin's disease for two j'cars, for wliicii he had received 
rocntgenotlicrapy with considerable relief. For two months he had been having 
increasing weakness and loss of weight with occasional fever. He had difficulty in 
breathing, and an intranasal operation was performed with some relief. There was 
also difficultj' on urination. 

Physical e.vamination showed a markedly emaciated man in c.vtrcviis. No lymph 
nodes were palpable. Murmurs were heard over the mitral and aortic areas. 
There was edema of the lower extremities, with evidence of fluid in the peritoneal 
and pleural cavities. 

Course . — The patient died the day after admission, presumably with respiratory 
paralysis. 

Autopsy . — Postmortem e.vaniination re\'ealed a man with marked brownish pig- 
mentation of the abdominal skin, edema of both legs, bilateral purulent bronchitis 
and bilateral pleural empyema. There were widespread Hodgkin’s infiltrations in 
the lungs, liver, spleen, bone and retroperitoneal lymph nodes. There was 2,400 cc. 
of purulent fluid in the abdomen, secondary, probably, to multiple abscesses in the 
spleen. The lumbar vertebrae presented red marrow diffusely mottled by a yel- 
lowish translucent gray amorphous material. The fourth lumbar vertebra on sec- 
tion showed a broken-down area, the size of a cherry, filled with greenish pus. No 
bacteriologic studies were made. 

Comment. — ^This case is one of widespread granulomatous disease 
with resulting cachexia. The widespread superimposed infection which 
probably arose from the purulent bronchitis, affecting especially the 
areas of Hodgkin’s infiltrations, masked the presence of an abscess in a 
lumbar vertebra. In this case the latter was clinically insignificant. 

ADDENDUM 

Since the submission of this paper, two additional patients with 
vertebral osteomyelitis have been admitted to the hospital. One, a girl 
aged 14 years, suffered a metastatic infection of the fourth lumbar 
vertebra, secondary to a Staphylococcus aureus bacteremia following 
the squeezing of a boil. Roentgenograms of the spine taken one month 
after the onset of the disease showed no abnormality , one month later 
there was narrowing of the intervertebral space between the third and 
fourth lumbar vertebrae; after another month there was a kvnhosi.s 
due to destruction and collapse of the fourth lumbar vertebra with 
almost complete disappearance of the intervertebral space between the 
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third and fourth lumbar vcrlcl)rae and haziness of the intervertebral 
space between the fourth and fifth lumbar vertebrae. 

The other patient, a man of 37. had a Bacillus proteus infection 
of the urinaiy tract with Bacillus proteus bacteremia and metastatic 
infection of the sixth cervical vertebra. Roentgenograms taken about 
three weeks after the onset of the disease showed narrowing of the 
intervertebral sjrace between the fifth and sixth cervical vertebrae; 
five weeks later, roentgenograms showed destruction and collapse of the 
sixth cervical vertebra. 

In each of these cases, roentgenograms afforded evidence con- 
firmatory of the clinical diagnosis of vertebral osteomyelitis. A point 
worth stressing is that in each case an intervertebral space adjoining 
the diseased vertebra was definitely narrowed before there was certain 
abnormality in the appearance of the diseased bone itself. 
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on the injured leg, the well leg being used for counter-traction. A 
plaster cast is applied on the well leg from the toes to the groin. To 
this a counter-traction stirrup is applied. On the injured side a pin is 
inserted through the tibia and attached to a stirrup. The injured leg 
is incased in a plaster cast which extends to the knee. The transverse 
lever that connects the traction and the counter-traction is then adjusted 
through a rod with a spring and turnscrew. A locknut at the end of the 
traction stirrup controls the rotation of the leg. The author claimed for 
this method ease in after-care, certainty of immobilization and greater 
comfort for the patient 

RESEARCH 

Regeneration of the Hyaline Cartilage . — Santos was able to 
demonstrate microscopicall}' regeneration of hyaline cartilage in a series 
of femoral heads following complete intracapsular fracture. This 
occurred in the central area not covered by perichondrium as well as 
peripherally, and was often preceded by invasion and resorption of the 
dead cartilage by the subchondral bone marrow. The formation of new 
cartilage proceeded partially from the pannus covering the joint, but 
chiefly from proliferation of surviving hyaline cells, usually in the 
deeper layers of the cartilage. 


49. Santos, J. V.: Surg., Gynec. 65; Obst. 54:650, 1932. 
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WOUXD JIK.MJXG IX’ ANTERIOR GASTRO-ENTEROS- 
TO.MV EOlJ.OWIXG VARIOUS METHODS 
OF SUTUR1<: 

AX EXIMCRIMKXTAL STUDY IX DOGS 
KARL H. MARTZLOFF, M.D. 

AND 

GEORGE R. SUCKOW, M.D. 

PORTLAND, ORE. 

Our priiiiaiy object in this stud}' ivas to ascertain whether serosal 
inclusions or C 3 ’sts. such as are found not infrequentl}' on the posterior 
parietal pelvic peritoneum, on the female pelvic viscera and elsewhere, 
would form on apposed serosal surfaces as in the case of gastro-intestinal 
anastomoses. As our work progressed, some of our observations were 
apparently so singular that we also became interested to know how 
wound healing following gastro-enterostomy progressed after the use of 
some of the suture methods most commonly practiced in this country 
and recommended by textbooks of surgery. 

The latter generally advise one of three procedures for the closure of 
the so-called anterior ostial defect in gastro-enterostomy wounds; an 
ordinary continuous catgut suture^ passed through the entire thickness 
of stomach and intestinal wall (fig. 2B); a, Connell stitch - (fig. lA), 
which is a continuous mattress suture that has its loop on the mucosal 
aspect of the stomach and intestine, or a so-called baseball stitch (fig. 
IB) (Schmieden suture). It is noteworthy that some authors^ 
recommend that, for the purpose of hemostasis, the vnicosa he hirncd 
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2. Da Costa (footnote 1). Lewis (footnote 1). Afoynihan (footnote 1). 
Connell, M. E. : An Experimental Contribution Looking to an Improved 
Technique in Enterorrhaphy, M9iereby the Number of Knots is Reduced to T wo, 
or Even One. M. Rec. 42:335, 1892. 

3. Lewis (footnote 1). Moynihan (footnote 1). 
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oufzvard and not inzvard wlien placing the first anterior row of gastro- 
enterostoai}^ sutures, while others recommend that no effort be made 
to invert the free edges. Others are of the opinion that the type of 
suture method or the kind of suture material used probably makes 
little difference in the operative result. It is also common practice 
among some operators, who use clamps to hold stomach and intestine 
in place while doing a gastro-enterostomy, to excise the mucosa that 
everts from the cut anterior gastro-intestinal margins. This excision 
is done b}" some with the cautery. A consideration of the various other 
suture metliods and the utilization of variously prepared suture materials 
as employed in this country would lead one far afield. However, the 
conclusion is inescapable that suture methods and materials as employed 
by some are unsatisfactory in the opinion of others, but an explanation 
is not forthcoming. 

A review of the literature reveals astonishingl}^ little experimental 
work on suture methods in an operative procedure so commonly and 
yet so variously performed. The observations of Mall,^ while con- 
cerned only with the stud}'- of healing of intestinal anastomoses, are so 
fundamental and in some respects so pertinent to this study that they 
will be referred to later. Flint’s ^ excellent paper is the only one that 
we have been able to find in the English language that concerns itself 
with a histologic study of wound healing in gastro-intestinal anasto- 
moses. Flint’s -iv'ork was done on dogs, and his histologic study is 
most detailed. Anterior gastro-enterostomies were performed by one 
of three suture methods : ( 1 ) a two tier method employing interrupted 
silk sutures for each row; (2) a three tier method, the Wolfler technic, 
employing a continuous chromic catgut suture for the mucosa, a con- 
tinuous silk or linen suture for the seromuscular layer and a serosal 
suture of interrupted silk or linen ; (3) a two tier method consisting of 
an innermost continuous catgut suture and an outer layer of interrupted 
silk similar to our method 5. Flint found that the healing time follow- 
ing the use of these methods is approximately the same and that the 
mucosa is healed at about fourteen days, while at twenty-three da 3 'S 
the mucosa o^■er the operative defect is normal in places and the 
muscularis mucosae is partially regenerated. 

Further i-eference to Flint’s observations will be made later; how- 
ever, his general conclusion is that, because of the incomplete mucosal 
healing before the fourteenth daj’- following gastro-enterostomy it is of 
practical importance to keep the patients on a “light diet.” It is also 
our impression that Flint’s primary interest was more the study of 
wound healing than a determination of differences following various 

4. Mall, F.: Healing of Intestinal Sutures, Johns Hopkins Hosp. Rep. iHd, 

1896. _ 

5. Flint, J. H. ; The Healing of Gastrointestinal Anastomoses, Ann. Surg. 
65 : 202 , 1917 . 
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suUirc methods, for he did not mention tlie suture method employed 
when he described sections tliat showed certain unusual phenomena. 

Gould " did not deseril)e the suture technic employed in his experi- 
mental gastro-cntcrostomy studies, and one is not able to infer from his 
text whether there was a difiCcrence in healing following various 
methods of suturing. In general, the average time for mucosal healing 
was given as fourteen days. He stated ' that on the tenth day a single 
line of cells starts across from the stomach and rapidly crosses the 
floor of the ulcer (the mucosal defect at the site of anastomosis). 

The next histologic study that we encountered was by Gara.® In 
his experiments rabbits’ stomachs were sectioned and then sutured by 
one of three methods; (1) a two tier method probably similar to our 
method 5; (2) a three tier method similar to our method 6. and (3) a 
method of his own which everts the sectioned tissues with the object 
of protecting the edges of the wound from the action of gastric juice. 
He claimed the best results with his method in that mucosal healing 
occurred in from one to two da3's. The three tier method, he stated, 
produces a smaller defect than the two tier method, but with both, 
contrary to our findings, he found mucosal healing incomplete in 
twenty-one days. Gara’s report is inconclusive in that he described 
neither the suture material, the type of stitch nor the number of animals 
used in his experiments. 

Klose and Rosenbaum-Canne ® studied healing of wounds made with 
the cautery or scalpel in the stomach of sixteen cats. The wounds 
were sutured anteriorly only b)^ one of three suture methods: (1) a 
one row serosal suture similar to our method 4; (2) tlie two row 
method of Czerny, and (3) the anterior inverting suture of Schmieden 
similar to our method 3. They killed their animals ten, twent}' and 
thirty days after operation and found complete epithelization by the 
tenth day, following the use of the Schmieden suture. Epithelization 
was not complete after twenty days following the one row serosal 
suture method. The authors felt, however, that a two layer suture 
technic produces greater damage to the underlying structures than a 
single layer suture method; that cautery section produces much more 
inflammation and delayed union than knife section, and that although 

6. Gould, A. H. ; The Technic of Operations upon the Intestine and Stomach, 
Philadelphia, W. B. Saunders Compan}', 1906. 

7. Gould (footnote 6, p. 23). 

8. Gara, Max: Der Einfluss der Nahtmethode auf die Heilung operativer 
Kontinuitatstrennungen der Magenwand zugleich ein Beitrag zur Frage des Edcus 
Pepticum jejuni postoperativum, Arch. f. klin. Chir. 120:270, 1922. 

9. Klose, H.. and Rosenbaum-Canne, P. : Beitrage zur Magenchirurgie: 

I. Vergleichendexperimentelle Untersuchungen fiber die Magennahte. .Arch. f. klin. 
Chir. 124:15. 1923. 
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catgut as an inner row suture is absorbed, it jjroduces considerable 
inflammatory change along the line of union as well as viarghial 
epithelial cysts. 

Kopyloff studied gastro-enterostoiny wound healing in sixty-one 
dogs following the use of five svitvu'e methods and the emplo^nnent of 
various suture materials. He made observations also on the com- 
parative rate of healing following scalpel, scissor and cautery incision, 
but did not study the comparative rate of healing following the use of 
various suture methods. He described, however, a ten day healing 
specimen from a gastro-enterostoiny performed b}'' means of a single 
layer of interrupted silk sutures (similar to our method 4 ) which' 
showed epithelial union between tbe stomach and jejunum. The gastro- 
intestinal incision was made with a scalpel, and it was compared .with 
another specimen in which a cautery was used and a mucous membrane 
defect was present after thirty da5's. He was in agreement with Klose 
and Rosenbaum-Canne that cauteiy incisions produce pronounced 
inflammation, thrombosis and dela3^ed healing. 

Kopyloff described “regenerative alveoli” in the mucosa at the 
margin of the previous operative defects as long as twelve months after 
operation. These are identical with the “marginal C3'sts” of Klose and 
Rosenbaum-Canne. He also described silk threads which migrated 
through the anastomatic site and la}'- in areas surrounded by epithelium 
that “resembles intestinal epithelium.” These are identical with Mall’s 
and our suture inclusions, and Kop3doff observed them in a three 
hundred and sixt3'’-five da3f specimen. He did not describe mucosal 
inclusions in the line of apposition. Kop3doff, contrary to Klose and 
Rosenbaum-Canne, belicA^es that the most rational method for gastro- 
enterostom3r is a one la3^er serosal suture of fine catgut or interrupted 
silk (Lembert sutures) with a few interrupted catgut mucosal sutures 
at the angles of the anastomosis to maintain the size of the ostium. 
He unqualifiedly condemned continuous silk sutures and apparently was 
under the impression that all silk sutures eventually migrate into the 
gastro-intestinal lumen, while Lembert sutures migrate not through the 
line of apposition but at a point some distance from it. He gave no 
explanation for these phenomena, being evidently unaware of Halsted's 
fundamental studies and the fact that his silk sutures migrate into 
the gastro-intestinal lumen because they are placed too deeply, piercing 
the mucosa. 

10. Kopyloff, G. ; 'Uber das Schicksal der Magendarm-Anastomose bei 
verschieden'en Nahtmethoden und bci einigen Alodifikationen in der Operations- 
technik. ,\rch. f. klin. Chir. 136:568, 1925. 

11. Halsted. W. S. : Intestinal Anastomosis, Bull. Johns Hopkins Hosp. 2:1, 
1891. Circular Suture of the Intestine. Am. J. !M. Sc. 91:436, 1887. 
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XctiiilofT reported liistolojjic studies on gastro-enterostom}^ wounds 
in eight patients wlio died two, llirce. six, twelve, fourteen and twenty- 
four days, and in one instance nine months, after operation. A three 
layer technic using continuous silk was employed. A mucosal defect 
was noted in all the s|)ecimens up to and including the twenty-four day 
in‘e]iaration. The nine months healing preparation showed complete 
mucosal healing and a silk thread in the line of anastomosis surrounded 
by mucosal glands. X'emiloff also observed dilated glands in the 
mucosa where it bordered the operative defect. Restitutio ad integrum 
was not observed, for definite scar formation was found underl3dng the 
regenerated mucosa. 

The report of Strauch is the most recent experimental histologic 
stud}' that we have seen. Strauch used twelve dogs and ran two series 
of experiments. In one he sectioned the stomach transversel}’-, and in 
the other he did anterior gastro-enterostomies and occluded the p3'lorus. 
The cut edges in both series were reunited by using several suture 
methods on the same specimen. In all experiments catgut suture 
material was used, and the dogs were killed at intervals of from two 
to fort3'-four da3^s. Several suture methods were used: posteriorly 
(a) a single la3'’er serosubmucosal suture which left the mucosa 
unsutured; (&) a two layer suture, one a serosubmucosal suture and 
the other a through-and-through suture of all the coats; (c) a two 
layer suture, one la3'er embracing the serosubmucosal structures and the 
other merely a so-called mucosal stitch, and (d) a three la3'er suture 
just as in our three la3"er method" 6 : Anteriorty, Strauch used three 
suture methods; (e) a two layer method, the innermost being a baseball 
(Schmieden) stitch similar to our method 3 ; (f) the everting method 
of Gara, and (g) a two la3'er method, the innermost being a continuous 
suture (Kiirschner) involving all the coats and similar to our method 5 . 

Strauch concluded that suture methods c, d, c, and g, showed no 
marked differences in wound healing. However, with method a he 
found marked dela}"^ in healing owing to gaping of the mucosa, and he 
believes that any technic which does not bring the mucosal surfaces 
together dela3fs healing. Strauch believes that posteriori}' method b or c 
and anteriorl}' method e or g are the most desirable procedures. He 
did not describe marginal mucosal C3'sts or an}' t3'pe of epithelial 
inclusions. 

'\^''e believe that the small number of animals used and particular!}' 
the simultaneous employment of ser'cral suture methods on the same 
animal present real defects in Strauch 's experimental procedure. 

12. NemilofF, A. : Ueber den Heilungsprozess in dcr Gastroenterostomiewunde, 
Arch. f. klin. Chin 135:629, 1925. 

13. Strauch, C. B. : Histologischc Untersucliungen ueber den IZinflu.ts dcr ^ 
Kahttechnic bei Magenoperationen auf die Heilung. besonders dcr Sciilcimhaut, 
Arch. f. klin. Chin 137:81, 1925. 
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I’l.AX OF STUDV 

I'Orty-two (lops were used in two series of experiments lor tin's study, twenty- 
two miimnls heinp employed in the first series and twenty in tiie second. The first 
scries was completed and the histologic material e.xamincd before the second scries 
was hegnn in order that observations made on the second might either confirm or 
refute the observations of the first series as chance occnrrence.s incidental to some 
nncontrollcd technical pitfall. Two animals died of iiostoperative complications, one 
(dog 20) dying on the table as the result of the anesthetic and the other (dog 54) 
of an infection of the njiper respiratory tract thirty-four days after oiicration. 
Three specimens, irom dogs 15, 20 and 27, were not used for study, so that our 
observations are based on thirty-nine animals. 

Either an anterior gastroduodeiiostomy or a gastrojejunostonn' was performed 
on each animal under ether narcosis and with customary surgical asepsis bj' the 
suture methods to be described. Water was given the animals ns soon as thej' 
would take it. On the fourth day after operation, the day of operation being 
counted as one, milk and hamburger steak were added to the ration ; on the si.xth 
day the ordinary kennel ration, milk and dried horse meat, was given. It is obvious 
that no attempt was made to shield the gastro-intcstinal wound from contact with 
coarse food. 

The animals were killed by chloroform, six, nine, fourteen, twenty and twent)'- 
seven days after operation. An autop.sy was immediately performed. The distal 
two thirds of the stomach and the anastomosed intestine were removed with as 
little manipulation as possible and placed in a fresh diluted solution of formaldehyde 
U. S. P. (1: 10). The specimens were not disturbed until fixation was complete; 
then blocks were taken by razor section from the midportion of the anterior and 
posterior anastomatic areas. Paraffin embedding was employed, and the sections 
were stained with hematoxylin and eosin. 

SUTURE METHODS 

Seven different suture methods were employed in this stud}- and will be referred 
to by number rather than by a descriptive appellation. The suture materials were 
the same throughout, 00 plain catgut and 0 black silk. The finest curved intestinal 
needles were employed. In all our experiments stay sutures of silk were used, and 
the first posterior suture was a continuous serosubmucosal stitch of silk. Also, in 
all our experiments, the final anterior tier of sutures were Halsted serosubmucosal 
mattress sutures of silk. 

Method 1 (Connell suture) was used only on the anterior aspect of the ostium, 
and consisted of a continuous through-and-through mattress suture of catgut with 
its loop on the mucosal aspect of the stomach and intestine, as shown in figure 1 J. 
This suture inverts the mucosa readily and, as previously noted, is a method 
described in some of the surgical textbooks. It was reenforced by a second row 
of Halsted sutures as already mentioned. 

Method 2 was used only posteriorly. After the first posterior tier of silk was 
placed, the stomach and intestine were incised, and a second suture of continuous 
catgut was placed as a through-and-through lock-stitch or button-hole suture 
embracing the entire thickness of both walls. This suture was not used anteriorly 
because it formed (dog 15) a ridge of tissue so large as almost to prevent its peri- 
tonization by a second row of Halsted sutures. 

Method 3 was used only on the anterior aspect of the gastro-intestinal ostium. 

It consisted of a continuous catgut suture passed from side to side alternately, the 
suture alwavs passing from mucosa to serosa — a so-called baseball stitch (fig. 1 )• 
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This suture iiiethoci, iiiacroscopically at least, inverts the mucosa satisfactorily, 
without teclinical difliculty, and is one conimonly recommended in some American 
textiiooks. Tin's suture line was, in turn, peritonized bj’ a serosubmucosal row of 
silk Halsted sutures. 

^letliod 4 (the Halsted presection method’*) was used anteriorly onlj' and 
employed a single row of presection Halsted sutures of silk. Hemostasis on the 
anterior aspect of the ostium was effected with free ties of catgut. When the 
presection sutures were tied, those intervals between tbem which required it were 
sutured with Lembcrt or Halsted sfilches of silk (fig. 2 A). This method gives 
most excellent and ready inversion of the mucosa and is described in American 
te.xtbooks only for use u-ith the Finney pyloropIastyA^' 

Method 5 was used both antcriorl}' and posteriorly. It was used posteriorly as 
a second tier continuous catgut suture that passed through all the coats of stomach 
and intestine after thc 3 ’ had been incised, and served as an effective hemostatic 



Fig. 1. — A, suture method 1, the Connell stitch, which is used only on the 
anterior aspect of the gastro-intestinal ostium. B, suture method 3, the so-called 
baseball stitch, which is used onh- on the anterior aspect of the gastro-intestinal 
ostium. Schematic illustration of suture is shown at a. 


stitch. Anteriorly again it was used as a continuous catgut stitch that passed 
through all the coats of stomach and intestine and inevitablj- resulted in eversion 
of the mucosa and the formation of a ridge of tissue that at times was difficult 
to peritonize by the second tier of Halsted stitches. Figure 2 B illustrates this 
suture method, which is one strong!}’ advocated and described in various te.xtbooks 
of surgery. 

Method 6 was employed both anteriorly and posteriorly. The first posterior 
tier of silk was placed as usual, and the stomach and intestine were incised down 
to the submucosa. A second suture of continuous catgut was then placed through 

14. Halsted (footnote 11, first reference). 

15. Finney, J. M. T. : A Xcw Method of Pyloroplasty, Tr. .Am. Surg. .A. 20: 
165, 1902. 
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t ic scrosi a.ul mt.MM.laris of I, oil, Moniaci, and intcMinc. Sonic Miinnncosa ivas 
alM) incIiKlcd in this suture, care hein.ir used not to (.ierce tlie mucosa. The sub- 
mucosa and mucosa were tlu-u incised and sutured witli a third tier of continuous 
catpul. fhis last suture is ..ften si.ohen of as a mucosal suture. However, mucosa 
will not withstand even the slightest suture tension, so that some sulmmcosa must 
lie included. Tlie anterior sutures were tlieii placed hy contiiuiintr the tliird poste- 
rior row to form the first anterior row. whieli included only mucosa and sub- 
mucosa. 1 lie second iiosterior row was continued to form the second anterior row 
of continuous stitches, which oii the pastric side included muscularis and submucosa 
and on the intestinal side, owiii.e to the thinness of the intestinal wall, muscularis 
and serosa.^ Tlie third row of sutures was. as previously noted, of silk Halstcd 
stitches. I'ipure 3 illustrates this method, which is one cmploj'cd by numerous 
operators. It is effective for hemostasis and generally produces little mucosal 
eversion on the anterior aspect of the ostium. 



Fig. 2. — A, suture method 4, the Halsted presection suture technic, in which 
only one row of sutures is used on the anterior aspect of the ostium. B, suture 
method 5, an ordinary continuous suture, which is used both anteriorly and 
posteriorly. When used on the anterior aspect of the ostium, it inecdtably causes 
macroscopic mucosal eversion, as shown at a. 

Method 7 was employed both anteriorly and posteriorly in a third series of ani- 
mals. In this report we shall describe only the results with the use of this suture 
posteriorly. The second posterior suture in this method is the same as that used 
for the second posterior row in method 6 (fig. 3). After being incised the mucosa 
was not sutured, hemostasis being effected by ligation of individual bleeding points. 

This posterior suture is obviously ineffective for hemostasis. We were inter- 
ested, however, in comparing the healing process following this suture method, 
which did not suture the two mucosae together, with the other posterior methods, 
viz., methods 2, 5 and 6, for it seemed to us that probably one of the sutures used 
in the three tier method was superfluous. The use of this suture on the anterior 
aspect of the ostium will be reported in another paper. 
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HKAI.ING OK THK ANTKRIOR ASPECT OF GASTRO- 
nNTF.mSTOilY WOUNDS 

Our primary inlcrcsl in this sUicly was the observation of wound 
liealing. It was essential, therefore, that oitr specimens be obtained 
with the least possible manipulation at the time of autopsy and that 
undisturbed fixation be permitted before the specimens were cut. As 
a consequence, observations as to the size of the gastro-intestinal ostium 
had to be estimated on hardened tissue, and we therefore doubt their 
value. It can be said, however, that in so far as the diameter of the 
ostium was concerned, it measured 3 cm. in our smallest specimen and 
6 cm. in our largest, the average being about 4 cm. In other words, 
even in the fixed specimens the ostia were adequate in size, but they 



Fig. 3. — Suture method 6 , a three layer method, which is used both anteriorly 
and posteriorly. 

probably do not reflect in any accurate way the condition in vivo when 
one stops to consider the extensive and rapid change in size to which 
stomach and intestine are susceptible. 

In preference to the foregoing, we measured the depth of the inner 
flange in the belief that this would give us some necessary information 
as to the comparative narrowing of the smallest ostial diameter caused 
by the various suture methods. These results will be summarized, as 
will our observations on the occurrence of adhesions. The following 
observations are confined to histologic detail and are liere given only 
in briefest outline. No attempt is made to go into minute histologic 
description, for the meticulous descriptions of Jilall and of Flint 
adequately portra}' the general process of the healing of intestinal and 
gastro-intestinal wounds. 
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Mr.ruiw 1 (G.iim-I! Suture).— Xim; (9, 11 . 12, 1 . 3 , 14, .32, .37, 42 .incl 47) 

\vere killed .-i.s l<ill(.vv>; 'run on the sixth d;iy. fuo oii tlie ninth d:iy, two on flic 
fourteenth d;iy, two on the twentieth <i;iy ;inil one on the Iwent.v-sevenfh d.iy. 

Six d.-iy S(iecinien.s (14 atid .37) showeil a well defined defect on the nuicosal 
.'isficet .'it (he point ot stomach and intestinal aiipusition. Here tlierc was a flat 
depression covered o\er hy a fihrinocelinlar nienihr.ane, heneath which ivas a hroad 
zone Ilf yonny ynimlalion tissue that e.xfendcd into (he snhinncosa for a sitort 
{list. nice. I’eyond this, where the serosal aspect of stomach and intestine had been 


apposed, one saw a hroad zone of fibrous stroma with some round and polymor- 
phonuclear cell infiltration and some ca/iillaries. About the catgnt sutures in the 
intestinal u'all was a comiiact polymorphonuclear cell infiltration which was 
actually an abscess that extended mil to the mucosa. Here the intestinal glands 
showed characteristic dilation and distortion due to the suture trauma. 

On the gastric side also was seen nuicosal gland distortion and nuclear pyknosis 
■where the catgut had pierced its substance, but here there was much less cellular 
infiltration. 


On the gastric side of the nuicosal defect were seen a few dilated glands which 
wc ha^'c termed marginal cysts. These, as will be seen, were rather characteristic 
of the reaction of gastric and intestinal mucosa to trauma. The gastric mucosa 
showed varying degrees of cellular infiltration and edema np to and slightly 
bej’ond the point of the catgut suture defect. Parietal cells extended to within 
eight to ten gland-breaths of the mucosal defect. 

On the intestinal side the tips of (he villi showed the most outstanding evidence 
of injury. In many areas they had undergone complete degeneration. Others 
shou'cd only partial degeneration with marked enlargement and cellular infiltration. 
This often e.xtcnded well beyond the area of suture injurj'. The advancing 
epithelial margin of the mucosal defect on the intestinal side showed at times a 
layer from 2 to 3 cells thick; again one saw a single layer of cuboidal epithelium 
which became low cuboidal or fiat in the most advanced 2 or 3 cells. Secretion 
globules were seen in some of these cells almost up to the most terminal cell of 
the advancing margin. 

No serosa cells were seen in the line of apposition. The muscularis mucosae 
showed considerable distortion for a short distance from the mucosal defect. The 
muscularis on both sides showed marked distortion, with some cellular infiltration 
for the entire extent of the apposed area. Here and there some degeneration was 
seen. 

The silk sutures showed well defined fraying and were embedded in a loose 
matrix of short spindle-shaped cells with a few large round cells. Some sutures 
had a moderate polymorphonuclear cell infiltration about them, while others showed 
no cellular tjme of reaction. The serosa proper showed a moderate granulation 
tissue reaction. 

Nine day specimens (9 and 32) still showed a well defined, though smaller, 
mucosal defect covered by a pyogenic membrane. There was excellent fibrous 
union along the line of apposition, and probably there was less cellular infiltration 
than in the six day preparation. The specimen from dog 32 showed a well defined 
mucosal inclusion (fig. 4) near the serosa on the intestinal side of the anastomosis. 
This was lined by columnar epithelium with oval, basally situated nuclei; secre- 
tion globules were common. These and other inclusions will be discussed later. 

Fourteen day specimens (11 and 42) showed a moderate mucosal defect in dog 
11 while in dog 42 epithelium covered the site of apposition of stomach and 
intestine (fig. 5). Here there was incipient gland formation. Elsewhere along 
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the line of apposition out to the serosa there were varying^ degrees of cellular 
infiltration, most marked in dog 11, through a zone of compact fibrous stroma. 

Twenty day specimens (12 and 47) showed a moderate mucosal defect in dog 
12, while in dog 47 mucosal union was complete and showed gland formation. 
In both specimens there were varying degrees of cellular infiltration in the line 
of apiiosition. In some sections from dog 12 there was some hemorrhage which 
had separated histologically the two infolded surfaces. 

A twenty-seven day specimen (13) showed mucosal union complete without 
gland formation. Union along the inner three fourths of the line of apposition 



Fig. 4. — Dog 32, anterior method 1, nine da}- healing; a, site of mucosal defect 
with a granulation tissue mound ; h, marginal cyst on the gastric side of the 
mucosal defect ; c, suture inclusion near the serosal aspect on the intestinal side 
of the line of apposition ; 1, intestinal mucosa ; S, gastric mucosa. 


was rather loose, and varying degrees of cellular infiltration e.visted. There was 
no fresh granulation tissue. Healing near the serosal aspect was firm. 

Stimmary . — ^The outstanding observations following the use of the Connell 
suture were the persistence of evidence of active inflammation in the line of 
apposition up to twenty-seven days after operation and also, in one specimen, 
evidence of hemorrhage and loose union. Mucosal healing occurred first at 





.iHcmriis ai- sriuniKV 


fonrtroii :.n.| a in.., -..sal i..cli.si„„ i,. il,,. „all of tin: )..lc 5 li..c was observed 

o.ive. 1.1 fji'iina!, appositional l.ealiiif; ap(iearv<l firin, 

Mr.Tiion a (Ilaseball Stilvli. Svliiiiif.lvii Stiliire),— Seven clo^s (16, 17, 18, 19, 
34. 38 and 43) were used and w.tv killed ns follows: two on tiie sixth d.ay,' two on’ 
the iiintli day, two on the fourteenth day and one on the twentieth day.’ Six day 
si.eein.eiis (l6 and 34) showed a well defined rmicosal defect (fifj. 6), a pro- 
nounced eelliilar infiltration from inncosal to serosal aspects and well developed 
compact praiinlation tissue aloiiK tlie line of apposition. .Vine day specimens (17 
















Fig. 5. — Dog 42, anterior method 1, fourteen day healing: a, site of the 
mucosal defect covered with a single layer of columnar epithelium; b, marginal 
cysts on the gastric side of the previous mucosal defect; c, silk sutures in the 
wall of the stomach; d, place where the catgut suture pierced the wall of the 
stomach. Excellent healing along the line of apposition. 


and 38) showed mucosal union complete without gland formation in dog 17, while 
dog 38 had a well defined defect. There was a marked cellular infiltration from 
mucosal to serosal aspects, and a compact zone of young fibroblasts occupied the 
line of apposition. Fourteen day specimens (18 and 43) both showed complete 
mucosal healing with gland formation and little evidence of inflammation at the 
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site of union. Mncosal inclnsion.s were seen in the line of apposition in both 
specimens. This was csiiccially marked in dog 43, as is shown in figure 7. This 
inclusion resembled intestinal mucosa in that its epithelium, containing mucous 
globules, was columnar, with coarsely granular basal nuclei, and had tlie tinctorial 
properties of the intestinal mucosa. The glands were tubular with a cellular 
intcrglandular stroma, and there was sonic exudate in the lumen of the inclusion. 
These inclusions in the line of gastro-intcstinal apposition have been previousb' 
described by us,”'’ and will he considered more fully later in this paper. A twenty 
day specimen (19) showed complete mucosal union without gland formation and 



Fig. 6. — Dog 34, anterior method 3, six day healing: a, plateau-like granula- 
tion tissue material covered by a fibrinocellular membrane at the site of the opera- 
tive mucosal defect; b, dilated intestinal glands, indicating place where the 
through-and-through catgut suture pierced the intestinal wall ; c, silk sutures 
showing some fraying, a moderate round cell infiltration and a well defined sur- 
rounding hyaline change. Pronounced acute inflammatory reaction in the line of 
apposition. I, intestinal mucosa. S, gastric mucosa. 

16. Martzloff, K. H., and Suckow, G. R. : Mucosal Inclusions in Anterior 
Gastroenterostomies in Dogs Following Various Methods of Suturing. Proc. Soc. 
Exper. Biol. & Med. 27:855, 1930. 
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n iiuico.'-mI inclii.'.ioi) in llic line nf OllitTwisc there wns r^iocI fihrotis 

niiioii, witli little evidenee (if cellular iiifiltr.'itidii. 

Siiinvuiry. — Md.st Ilf tlie'.e liistuhiKic jire|iar.'iti(iiis .>.h(nvc(l ('(iiisrdcrnhlc in/lam- 
lUatory ehaii,i;e. imt de.'.erilied in the individual iiriitncdls. in the niiicosa of the 
stoniach and intestine :it some distance ( fnini 0..s tn 1 cm.) from the line of 
aiiiiosition. Usually mncusal dcfnrmities conld he seen which indicated the place 
where ;i c.atuiit suture had pierced the visciis wall. Inflammatory cell infdtration 
wa.s marked at the site of anastomosis in all specimens U]) to and inclndinit the nine 
day ]ireparati(ins. One of four specimens ohtained with six and nine day healing 
showed mucostd continuity reestahlished over the site of anastomosis. Mucosal 
I'licliismiis ill the line of nffosilinii occurred in three of the seven specimens. The 



Fig. 7. — Dog 43, method 3, fourteen day healing; a, site of gastro-intestinal 
mucosal regeneration; b, mucosal inclusions (appositional rests) ' in line of 
apposition. The inclusion above b resembles intestinal mucosa. The mucosal 
epithelium is columnar; the nuclei are pyknotic and basally situated; many of the 
cells are distended with secretion globules. Inclusion b apparently shows evidence 
of distention, in that its walls are smooth and its lining epithelium is low cuboidal. 
There is well defined cellular infiltration along the line of apposition. I, intestinal 
mucosa. S, gastric mucosa. 


healing of the mucosa and along the line of apposition in this suture 
therefore surpasses that occurring in method 1. On the other hand, this metho 
shows a high incidence of appositional mucosal inclusions. 

Method 4 (Halsted Presection Sutures).— Seven dogs (21, 22, 23. 33, 39 , 
and 50) were used and were killed as follows : two on the sixth day, two on i 
ninth day, two on the fourteenth day and one on the twentieth day. 
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Si.v (lay si)cc!iiicns (21 aiul 33) showed complete mucosal union without gland 
formation (fig. S) in dog 21, while in dog 33 healing was incomplete. Union along 
the line of apposition in dog 21 was remarkably free from cellular infiltration. 
Tlicre was a inoclcratc granulation tissue structure beneath the nuieosa, but else- 
where along the line of apiKisition no granulation tissue was seen, and there was 
very little round cell infiltration. In specimen 33 there was a well defined poly- 



Fig. 8. — Dog 21, method -1, si.x day healing: a, site of operative damage to the 
mucosa, which is now covered with a single lajer of columnar epithelium over- 
lying an aggregation of round cells resembling a 13 'mph follicle. Healing further 
out in the section, not shown here, is excellent, with a minimum of inflammatory 
reaction. 


morphonuclear cellular infiltration at the mucosal defect, while further out in 
the line of apposition there were capillaries and fibroblasts with few accompanying 
round cells. Nine day specimens (39 and 50) showed complete mucosal union in 
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clog 50 (fig. 9), wliilc :i very .‘;ni:ill nmco.sal clcfert .‘-till pcr.''i.stc(I in clog 39. '1 licrc 
was granulation tissue formation immediately beneath the mucosal defect in dog 
39; otherwise both specimens showed very little cellidar infiltration along the line 
of apposition. The healing in these two i)reparations was exceptionally free from 
evidence of inflammation and had the ap|)earance of a firm union. I'ourtccn day 
specimens (22 and dd) showed complete mucosal union (fig. 10) with gland 
formation and a narrow, compact zone of flhrosi.s with practically no cellular 
infiltration along the line of apposition. These specimens slnnvcd the best 
fourteen day healing of any of our preparations. .\ twenty day specimen (23) 
showed complete mucosal and interstitial healing with practically no evidence of 
inflammatory reaction. The serosa over the anastomatic site appeared normal. 



Fig. 9. — Dog 50, method 4, nine day healing : a, site of gastro-intestinal 
mucosal regeneration. Some loss of intestinal villi for a short distance to the left 
of a. Compact fibrosis along the line of apposition, with little round cell infiltra- 
tion. Silk suture at h, to left of which there is an area of dense cellular infiltration, 
probably secondary to damage of the intestinal mucosa. Parietal cells of the 
stomach mucosa occur within from two to four gland-widths of regenerative 
defect. I, intestinal mucosa. S, gastric mucosa. 

Summary . — Four of the six specimens obtained between the sixth and 
fourteenth days showed complete mucosal union. The specimens all showe 
remarkably little evidence of inflammation at the site of anastomosis, and no 
mucosal inclusions were seen. 

Method 5 (Ordinary Continuous Suture). — Eight dogs (24, 25, 26, 35, 40, 45, 
49 and 54) were emploj'ed and were killed as follows: two on the sixth day, one 
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(in lltc ninlh dny. iwn on tlio fourteenth day, two on the twentieth day and one on 
the thirty-second day. 

Si.N day s])eciniens (24 and 35) .showed most pronounced mucosal defects and 
an intense inllammatory reaction along tlic line of apposition. I.-arge deposits of 
fihrinoccllular material were present jttst beneath the serosa (dog 24), which 
strangely enough appeared virtually intact. In dog 35 (fig. 11) large open spaces, 
due to the dropiiing out of exudate, were seen in the line of apposition. Bits 
of mucosa were found well out in the line of apposition in dog 24. A nine day 
specimen (40) showed mucosal union incomplete, though onlj- a small defect was 



Fig. 10. — Dog 44, method 4, fourteen day healing. High power photomicro- 
graph to show complete mucosal regeneration, with gland formation at a. The 
remainder of the section shows practically no inflammator}' reaction along the line 
of apposition. I, intestinal mucosa. S, gastric mucosa. 

left. There was a moderate degree of inflammatory reaction along the line of 
apposition, and here also a large mucosal inclusion was present. The latter, in 
some sections, was seen to communicate with the gastro-intestinal lumen. 
Fourteen day specimens (25 and 43) showed complete mucosal union with gland 
formation onh- in dog 45. Both had a well defined fibrosis and cellular infiltration 
along the line of apposition, while dog 25 showed a well defined mucosal defect 
covered with a fibrinocellular membrane. This same preparation showed a mucosal 
inclusion (fig. 12) extending well out in the line of apposition, while the specimen 
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from (log 43 showed a imicosal ineliision associated with a silk' suture in the 
intestinal wall. Twenty day specimens (26 and 49) showed mucosal union with 
gland formation and mucosal inclusions associated with silk sutures on the intes- 
tinal side of the preparation. In addition, preparation 49 (fig. 13) had a large 
mucosal inclusion in the line of ajjposition, which we have i)rcviou.sly reported. 
Both specimens showed considerable fibrosis and cellular infiltration in the line 
of apposition. A thirty-second day specimen (54) showed a complete mucosal 
union with gland formation at the line of anastomosis, but a few millimeters from 
here there was extensive degeneration of the gastric mucosa. There was a large 





Fig. 11. — Dog 35, method 5, six day healing: a, broad granulation tissue 
plateau covered with a fibrinocellular membrane occupying the zone of the opera- 
tivel 3 ' produced mucosal defect; "h, large spaces from which the exudate has 
dropped out. A profound inflammatorj^ reaction in the line of apposition. Silk 
suture defects are shown at c. I, intestinal mucosa. S, gastric mucosa. 


mucosal inclusion, associated with a silk suture, that involved the intestinal 
muscularis. The cyst was dilated and lined in part by a single layer of columnar 
epithelium. This animal was not intended for inclusion in this series. However, 
its premature death from pneumonia rendered it unsuitable for our third senes, 
so we included it in this report. 

Summary . — Four of five animals operated on with this suture method and 
killed on or before the fourteenth daj' showed incomplete healing of the mucosa. 
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Method 6 (Three Tier Suture Technic). — Eight dogs (28, 29, 30, 31, 36, 41, 
46 and 48) were used for this method and were killed as follows : two on the 
sixth day, one on the ninth day, two on the fourteenth da}', two on the twentieth 
day and one on the twenty-seventh day. 

Six day specimens (28 and 36) showed large mucosal defects (fig. 14) with 
an overlying fibrinocellular membrane. There were marked cellular infiltration 
and a compact granulation tissue structure in the line of apposition. A nine day 
specimen (41) showed complete mucosal union in some sections (fig. 15), while 
others showed incomplete union. There were compact fibrosis and considerable 
cellular infiltration along the line of apposition, and here also a very small 



Fig. 13. — Dog 49, method 5, twenty day healing: a, intestinal mucosa; b, 
gastric mucosa ; c, regenerated mucosal epithelium with gland formation at the 
site of a previous mucosal defect ; d, appositional mucosal rest ; e, suture inclu- 
sions on the intestinal side of the section, associated with a silk suture which lies 
in an epithelial lined space; /, silk suture defects. 

mucosal inclusion was seen. Fourteen day specimens (29 and 46) showed mucosal 
union in the specimen from dog 46. while dog 29 still had a moderate defect 
covered with a fibrinocellular membrane. The line of apposition presented a 
compact fibrous structure with considerable cellular infiltration. There was a 
questionable mucosal inclusion in the line of apposition in specimen 29. Twenty 
day specimens (30 and 48) showed mucosal union with gland formation m 
specimen 48. In dog 30 there was so much round and polymorphonuclear cell 
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Ibi otj.ri i,, i.i] . i;r Ihiiil nf llii- iiiti 'liii;i! miK'i».a tliril llic >,'I;iikI 
’J'iusr w;!*- .t oinip.icl t'lliriK-is .tIomj; the liiR- of 
•i; ;i Mill n wi'li rclhil.ii in)tllr;ilj"n in iloj; 4S find ;i niorc ni.nrkcd 

n in d' l- wliidi .-d'o lod .t inoiioiiiKciI Milocrosnl cdcinn .mid roiiiid cell 
iiiiiiii.iiii n. U\i nlv-M \rn dny vjiri'inun (.^H showed mucosa! union with uland 
foimaTion i'\(r tile fine of .mi.i‘!oniovi<., 'nil's '■)itcinicii also sfioweif a pronoiincccf 
inllaminatoi y n.iction in\idviin: tlic •■nprrticial portion of tiic >:astro-intcstinnl 
rp!t!-,r linni. 



Fig. 14. — Dog 28, method 6, seven day healing; a, mucosal defect with granula- 
tion tissue and an overlying pyogenic membrane; b, marginal cysts on the gastric 
side of the defect ; c, area devoid of mucosa owing to a technical artefact. Com- 
pact granulation tissue union along the entire line of apposition with well defined 
peritonitis on the serosa. I, intestinal mucosa. S, gastric mucosa. 

Summary . — Mucosal union occurred in one, and partial^' in another, of five 
animals killed on or before the fourteenth day. Mucosal inclusions were definitely 
observed in one specimen, but they were so small as to be of questionable 
significance. Inflammatory' reaction in the line of apposition and in the mucosa 
was an outstanding observation in the preparations obtained following this suture 
technic. 
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General Considerations: Mucosa . — Marginal C3'st formation is the 
term used to designate the dilated glands seen in tlie mucosa where it 
borders the site of the operative injur3^ These mucosal C3’sts (figs. 4 . 
5 , 14 and 15 ) were first described 1)3^ Mall, and since then have been 
observed and described 133'’ others.^" The3^ were frequentl3^ observed 
in our specimens irrespective of whether mucosal healing was complete 



Fig. 15. — Dog 41, anterior method 6, nine day healing. This view is presented 
merely to show the e.xcellent mucosal regeneration as a single la}'er of columnar 
cells without gland formation at a and marginal cysts at b. Other sections show 
incomplete mucosal healing. Further out in the section there is marked cellular 
infiltration in the line of apposition and a mucosal inclusion, which are not seen 
here. 

17. Klosc and Rosenbaum-Cannc (footnote 9). Kopyloff (footnote 101 
XemilofT (footnote 12). 
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,v.,i-. ;,.M' iiir,. .I.u... ,I Kupylofr oliscrviid ihiMii 

■ulfi '.\Mlvf irM-niliv, ! ht y Will- v( .. ‘m (iciiii- on cillicr tlit! gastric 
• IT iPr in'. -.HIT,,] 1 , 1,1 .„.,~1 fn .jii.-uii, ii„. fnniuT TiftcT aiiv nnc 

,h< Ml.l.lr nnllii.,!,- ll5;il ilc,.,'! ilir,). SilU'f tluii’ OCClII" aftci' 

’■iiiiTic iiKiln.d iiiry ,„TChs:iniy (Inc 1 ,, suture trauma, as 

(.Iru'mcd l,y m-uic.' 1 iicij cau^c lias m,; Incii dcrmitcly j i roved ; Iiow- 
'■•'T. siinc - 1 ,,.,. ij,,,.,] i„ lavd' of ilattcncd 

< lUii'.clium nml 1ia\( la.i hccii .iliscricil In ns to laimniimicate witli the 
y.istiM-iiiicsiina] Innnn. \\c itdiew that tiicy are proliahly traum.atic 
(HcIusiMiis Kicnii.iii cysiv. Mall c.\pr(>sscd the opinion that while 
these cysts ;ne in ].arl made u]) of remnants of cryjits. they arc mostly 
luw-formeil. 


Miuaisal h.]Mtiieiiai Keyeiieratiou ; All our jireparalions were not 
suitahle for the study of tlii' advancin.it maritin of the regenerating 
mucvisal vpithvhum. Some sections, Iiecanse of tlieir size, were too 
ihich to ]>ermit reliahle interpretation, while others showed evidence of 
distnrhance ni the pyogenic niemhrane, wliicii ordinarih' covers the 
granulation tissue that hridges the mucosal defects. 

Xumerous sections, however, were suitahle for the observation of 
the advancing epithelial margin over the mucosal defect at the site of 
the ojierative injury, and we present our observations for what thej' 
may be worth. In some specimens epithelium was observed growing 
over a granulation ti.ssue matri.x and beneath a fibrinocellular exudate, 
•and in others it was seen to .advance over a granulating surface free 
from exudate u]) to the jioint where the epithelium stopped. Epithelial 
regeneration appeared to come from the intestinal side as much as from 
the gastric side, and in this respect our observations are not in con- 
formity with Gould’s.” 

Some specimens showed in the terminal 2 to 3 mm. of epithelium an 
abrupt tinctorial and morphologic change. This consisted in the newer 
cells becoming lower and broader and taking a lighter stain. Generali}' 
the cell outlines for a distance of from 1 to 3 mm. from the advancing 
margin were indistinct, and no evidence of secretory activity was seen. 
However, in one of our preparations evidence of secretory activity 
(intestinal) was seen right up to the point where epithelial proliferation 
ceases. 

The advancing epithelial membranes were sometimes composed of a 
single layer of flat, cuboidal or low columnar cells in which mitotic 
figures were almost never observed. In some specimens (fig. 16) the 
advancing edge were from 2 to 3 cells high, while the individual cells 
were round and not flattened. We have also seen all the foregoing, 
except the columnar cells, under a pyogenic membrane. One of our 
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specimens (fig. 1/) showed a distinct single layer of columnar 
epithelium on the intestinal side extending uj) to the ejjithelial margin 
whei'c it began to go under a jiyogem'c membrane. Tin’s same specimen 
showed on the gastric side a single la 3 ’er of fiat epithelium growing 
beneath a pyogenic membrane. 

It would seem, tlicrefore, that, in so far as our observations are con- 
cerned, regenerating gastric or duodenal ejiithelium may assume a varied 
morphology. 



Fig. 16. — Dog 25. This drawing shows the advancing epithejial margin from 
the intestinal side at (f, where the cells are several laj'ers thick and round and 
oval in shape without any tendency to flatten, up to the point where they pass 
under a fibrinocellular membrane continuous with a. More or less normal intes- 
tinal epithelium is shown at b, and a crypt at c. 

Gland Formation . — Gland formation in the mucosa covering the 
operative defect was not seen before the fourteenth day in an}" of our 
specimens. Jn the material from method 6 (three tier suture), gland 
formation in the area of repair was first observed in one specimen on 
the twentieth day. Although some specimens from all the other suture 



M.!h'r;<i.()i-t'~srcK<uf~tr()r\/> iiH.iLixa .w; 

iiiciliixlv {’iiii'Idvod slmwt’d ^latid fonnatinn (in the fourteenth dri\' of 
henline. il does not follow that all siieeimens with healing periods 
of twenty, t wenty-.'-even or even thirty-two days, in wliicli the same 
suture method was emiiloyed, sliowed formation in tlic area 

of repair, (iland formation as found in our material and also as observed 
liy others apjieared in its earliest sta.ee as a mere dipping in of the 
epithelium into the underlyine .s^ranulation tissue stroma. 

Mttsniliiris Mticosnc. Sitbiintcosa and Mnxndaris. — 'J'he submucosa 
and the muscularis muco.s.ae In.-^e their identity entirelv in the line of 



Fig. 17. — Dog. 9. Intestinal epithelial margin advancing as a single layer of 
cuboidal or low columnar cells (b) which retain their shape as they pass under 
a fibrino-red corpuscular area (<r). The most distal cells have unrecognizable cell 
membranes. In some sections it appears as if the most advanced epithelial cells 
have secretion globules. At a are shown young fibrous stroma and at d, mono- 
nuclear leukocj'tes. 

apposition because of the inflammatory process in the earl}" stages of 
healing and because of scar tissue in the later stages. The longest 
period of healing observed in this study was thirty-two days. 

The muscularis retains its identity during the entire healing process, 
but by no means does it remain intact. In the earl}" days of healing, 
the involvement of its outermost layers in edema and cellular infiltration 
varies considerably with the suture technic used. Later the muscle 
fibers of stomach and intestine are joined by fibrous stroma, which was 
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not spanned I)}' muscle fiber during" the period of healing here observed. 
In other words jio rcsliiul 'w ad ialcf/ruut was seen. 

Serosa . — The serosal surfaces where they came in contact through 
the apposition of the stomach and intestinal walls lost their identity 
in all our specimens. Our observations do not permit an opinion as to 
how early the serosal cells lose their identifiahilit3^ However, we believe 
that our material shows that no recognizable serosal inclusions occur 
at the point where two comparatively broad serous surfaces are apposed. 



Fig. 18. — Dog 64, posterior method 7, six day healing. Remarkable mucosal 
restitution is shown at a, which extends to the line ,r drawn to show the boundary 
between the mucosa and the underlying stroma. Mucosa in area a shows distinct 
histologic alteration and does not resemble either intestinal (/) or gastric (S) 
mucosa. To the left of a is recognizable but altered intestinal mucosa with some 
dilated glands suggestive of marginal cyst formation. Healing further out in the 
section shows excellent fibrosis and little cellular infiltration. 

This determitiatiou, among others, was one that this study was supposed 
to elucidate. Furthermore, we believe that the mucosal inclusions 
described by us in the line of apposition need not be confused with 
serosal cysts. 
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Miuo.iiiJ A’r,v/.c or I i!(Itifii>its. -]\v\vynKv. to tlic iliiistralions and 
tlu' Inii-i jiii'toi-itK dii-fldsc that some nf onr spcciinciis jjrcscnlcd 
nini'iisnl '-•rncltnc^ oi'onpyini: "iic of two silnalions in tlie o])crativc 
ajon : vi,-.. ( 1 ) ilio'-c fiunnl on tlu- intrstinal side of the anastomosis, 
eoncrally in the intestinal wall nearer tlie serosa than the f^astro-intcstinal 
inncnsal ciefect. and always associated with a silk li^,^^tnrc. 'J'hcse we 
have termec] sntnre inchisions in contradistinction to (2) the mucosal 
rests which wc found in the line of a]i])osition hetween the walls of 
the stomach and intestine. These, for ])nri)oscs of brevity, we have 
termed ajijHisitional rests. 

.Sntnre inchisions were observed in five .specimens (figs. 4 and 13). 
Four of these were in anim.als in which sntnre technic 5 was used 
and the remaining one occurred with technic 1 (Connell suture). These 
inclusions, as shown in the illustrations, arc all on the intestinal side 
of the anastomosis and are .all associated with silk suture material. 
They m.ay jiresent a very simple gland structure, as in figure 4, or a 
more comple.x arrangement, as in figure 13. The}' are lined b}' a single 
layer of colnmnar c])ithelium which in places shows evidence of secretory 
activity, while mitotic figures arc present. Their lumina generally 
contain a debris rich in pohanorphonuclear cells, and there is consider- 
able round and polymorphonuclear cell infiltration about the inclusions. 
In some preparations one can sec evidence of damage to the intestinal 
wall near an inclusion that we interpret as being due to the inadvertent 
insertion of a silk suture into the mucosa at the time of operation. Due 
to pressure necrosis the suture cut its way through the mucosa, sub- 
mucosa and a varying thickness of the muscularis, creating a defect along 
which the intestinal epithelium grew to form inclusions. These, there- 
fore, are outgrowths which, in some specimens at least, communicate 
with the intestinal lumen to form small epithelial lined diverticula or 
sinuses. The evidence for this we shall present in another paper. In 
any event, these intramural glandular structures do not, as a rule, 
represent free grafts due to the transfer and implantation of isolated 
epithelial elements into the intestinal wall. The ultimate fate of these 
inclusions we do not know, but there is reason to believe that they 
may persist indefinitely. 

At first sight it ma}" seem strange that such inclusions were encoun- 
tered only in animals that were operated on by suture methods 1 
and 5. The explanation is simple, in that with suture method 5 the 
tissues are so ridged at the line of apposition that it is difficult to place 
accurately the second row of silk Halsted mattress sutures. This results 
in an unintentional piercing of the intestinal mucosa in some specimens. 
Careless technic might easil}' produce the same formation in the other 
suture methods, which, however, afford conditions more suitable for 
the accurate placing of silk serosubmucosal sutures. 
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1 he nonoccurrciicc of aiialogfous inclusions on the gastric side of 
the anastonujsis is ])roha))l}' clue to the gi'eater thickness and toughness 
of Uie stomacli snbimicosa, which thereby prevents the technical fault 
so easily committed on the intestine. Our experiments, however, do 
not definitely prove that gastric mucosa under similar circumstances 
would behave as the intestinal jnucosa does. These inclusions have 
been observed b}- others who, excepting Mall and Flint, gave them 
no consideration other than merel}' noting their jwesence. Mall,'* 
however, is the first investigator to describe them and explain their 
origin as due to silk suture damage to the mucosal ciypts. Mall also 
remarked that it is possible that these adenomatous structures “could 
do considerable mischief,” but it appears that his original and beauti- 
fully accurate description, explanation and admonition have been largely 
overlooked. 

Appositional rests, so-called, were observed eight times: in three 
specimens from suture method 3 (baseball stitch), in four specimens 
from suture method 5 (continuous stitch) and in one specimen from 
suture method 6 (three layer suture). Suture methods I and 4 were 
not complicated by these structures. It is noteworthy that these apposi- 
tional rests occurred in methods in which sutures passed over free 
mucosal margins with resultant mucosal eversion. This fact is most 
marked with method 5. In method 6, eversion ma}'^ also occur if the 
mucosubmucosal suture is not properl)’’ placed. Whether the catgut 
suture passing between the serous aspects of stomach and intestine in 
method 3 serves to act as a guide along which mucosa may grow, we 
cannot say. We haA’e seen traces of catgut in the line of apposition in 
some of our six day specimens, but these were never associated with 
mucosal inclusions. 

We do not believe that these appositional rests are due to mucosa 
growing along a zone of tissue damage produced by catgut as in the case 
of the so-called silk suture inclusions. If such were the case, laying aside 
all other considerations, one could expect to find some evidence of such 
a phenomena in suture method 1, in which sutures are passed directly 
through the entire thickness of stomach and intestine but without pass- 
ing over the fi-ee inverted margin of either. It should be remembered 
that we are concerned here with 00 plain catgut suture material. These 
observations might not apply if a more durable variety of catgut were 
used. Some of our preparations showed areas of distinct damage to 
gastric and intestinal wall (including mucosa) by through-and-through 
catgut sutures, but in none of these did we see a suggestion of mucosal 
outgrowth along such a defect. 

18. Flint (footnote S). Kopyloff (footnote 10). Xcmiloff (footnote 12). 
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W'f :Ki;r-.r, :],r;( ti'if. ii'.r mn>-t'-a! iiu-hisioiis found in tlic line 

• : r,] ri;;i‘n <n' ..;;r •] r> a;n-.' jn'in inneosni displacement follow- 

;v! f ;ir,d v,.;r m'! iclatrd In sninre transfixion of the 

r.. The n-iOi . -a e iin lu'-ioim ^'ciu rally had tlic appearance 

’ i ir.O 'iir.ai !-,na‘''-a. Is;', <>nr '■peennen-- and ohservations did not explain 
lla- ;.'''>nrr n; mnen^a in these le^t'-. 

1 i-,r nniy 1 1 :'e: i la <■>. dint we can find re,eardin,4 these appositioiia! 
mnm-rd jjadn’-it n'- am Iw .Mareliami.' ' t innid and Flint. Marchand 
-i a ;.i\ i;nv ya'-iro-enterosinnu specimen of Professor Kiis- 
1 ' ; v.inVli shnv.-ei! .approximaleiv in ihe line of apposition and near 
d’.e mnc'-'snl a'-]'ee!. ;i small ndennmatnns strnctnrc which he said was 
due In sninres i '-iih i ]'as'-eil ihrnntjh the mneosa which caused some 
infoldiny. It mn\- well he that in this specimen the silk may have been 
■lie cause of a suture inclusion, (iould iiad one illustration in his book 
which mav pnihablv he construed .as .a form of appositional inclusion, 
iiui whirli he considered the site of a former ulcer between the two 
mucosae, h'lint in his excellent p.aper noted that tearing of the mus- 
cularis mucosae fir its failure to rcgcncr.ate allows crypts of the intes- 
tine to grow into the submuco.sa. Al times these growths, according to 
J'lint. occur at the site of the incision and penetrate for some distance 
into the suhmucosa and muscuiaris. 

It is evident that the significance of these adenomatous structures 
has not been recognized. Certainly they do not invade muscuiaris and 
submucosa, but arc mcrcl}' transposed so as to lie between their cut 
ends. If any invasion occurs, it is purely a secondarjf process and then 
only in the nature of a concentric plwsical displacement and not a 
heterotopia as seen in a malignant condition. 

W'e are now studying the ultimate fate of these inclusions. 

Pate of Suture Material.— Catgut: Some of our six day healing 
])reparations showed catgut which appeared as a h3'aline substance sur- 
rounded by polymorphonuclear neutrophilic leukocytes. No catgut was 
observed in any of our nine or fourteen da\' specimens. No conclusion 
could be made concerning its role in the production of inflammation, 
for it was contaminated in all methods hy its passage through the 
gastro-intestinal lumen. 

Silk: The reaction of the tissues to silk varied considerably in 
different specimens. In some early preparations the silk sutures showed 
some fraying and were surrounded b}”^ a slight to moderate round cell 
infiltration with or without an occasional polymorphonuclear leukocyte. 
The round cells were of two varieties, one being the easily recognizable 
lymphocyte and the other a large oval cell with a pink tinge to its 
nucleus. 

19. Marchand, F. : Der Process der Wundlicilung, Stuttgart, Ferdinand Enk-e : 
Deutsche Chir. 1901, Pt. 16, pp. 300 and 306. 
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Some hyaline change was also observed in our six day healing speci- 
mens, while no giant cells were encountered in any of our material. In 
some of our older specimens as well as in an occasional six day speci- 
men a h)faline reaction was about the only change noted about the silk 
sutures. 

On the other hand, there were specimens both early and late in 
which every gradation from moderate cellular infiltration to frank 
abscess formation was seen about silk suture material. In fact some 
of the older preparations revealed practically no evidence of inflamma- 
tion along the line of anastomosis until one arrived at a silk suture 
where a profound round and pol 3 'niorphonuclear cell infiltration existed. 
These preparations generally showed evidence of damage to the intes- 
tinal mucosa where a suture was placed too deeply at the time of opera- 
tion. Such findings were most common in suture method 5, and were 
not uncommon in the other suture methods except 3 and 4, in which 
they wei'e also occasionally seen. 

The explanation for these varied findings is probably merely a 
matter of surgical technic, and has been repeatedly stressed by Halsted. 
In preparations in which silk did not penetrate the mucosa, inflammatory 
reaction was minimal or virtually absent, while every degree of inflam- 
mation was observed when the mucosa was penetrated. 

In suture methods 3 and 4, it was possible to place the Halsted silk 
mattress sutures so precisely that only occasionally was the mucosa 
penetrated. In the other methods, particularly method 5, the distortion 
caused by the first anterior catgut suture was, as previously noted, so 
pronounced that it was technically difficult to place the silk sutures 
accurately, with resultant penetration of the intestinal mucosa. Par- 
ticularly is this true when one uses curved needles on a needle holder. 
Then, we believe, it is virtually impossible, as was first pointed out by 
Halsted and recently experienced by one of us,“° to “sense” the 
depth to which one’s needle is penetrating, provided one is attempting 
to engage the outermost portion of the submucosa. 

We are not able to state the ultimate fate of our silk sutures because 
our specimens, with one exception, were not over twenty-seven days 
old. Furthermore, our material was not studied primarily for this pur- 
pose, which would require some clearing method such as that employed 
by Reichert and Holman, which would render it unsuitable for histo- 

20. Martzloff, K. H., and Burget, G. E. : The Closed Intestinal Loop : lH. 
Aseptic End-to-End Intestinal Anastomosis and a Method for Making a Closed 
Intestinal Loop Suitable for Physiologic Studies, Arch. Surg. 23:26 (July) 1931. 

21. Reichert, F. L., and Holman, E. : The Fate of Sutures as Observed in 
Intestinal Anastomosis and in the Healing of Wounds, Bull. Johns Hopkins Hosp. 
36:212, 1925. 
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^ti!(iy. W’c tlicrcfnrc n-imrt otir ohscrvalions for wliat they may 
i'c wortli. Id a few of our s|iccimoni; we observed obvious migration of 
frayed silk jvirlieles toward the serosa, i)iil none lying directly beneath it. 
Xonc of onr specimens, even those wliich liad obviousl}' damaged intes- 
tinal mneosa and were associated witli mucosal suture inclusions, showed 
siilc in the gastro-inleslinal lumen. W'e do not infer from this that 
luminal migration does not occur, for it obviously does, as we shall be 
able to rei>orl in another paper. 

In so far as our o!)scrvalions arc concerned, it appears to us that 
00 plain catgut is a satisfactory hemostatic suture; it is generally 
absorbed by the si.xtb postoperative day ; while it docs show histologic 
evidence of damage to the stomach and intestinal walls, where it trans- 
fi.xcs them, the mucosal defects (not to be confused with the mucosal 
defect in the line of apposition) arc healed by the si.xth day; mucosa 
apparently docs not grow along catgut defects as produced in our e.xperi- 
ments; there is considerably more inflammation in suture lines when 
catgut is employed as we have used it than in methods that avoid its use. 

We have made no experiments to see whether 00 plain catgut used 
as a serosubmucosal suture which penetrates the mucosa will give rise 
to mucosal suture inclusions. 

Silk suture material, when fine and accurately placed, appears to us 
an ideal suture material in that it evokes practically no inflammatory 
reaction and permits almost primary healing. However, when silk 
suture material as used in our experiments is placed sufficiently deeply 
to penetrate the intestinal mucosa, it becomes involved in vaiying 
degrees of inflammatory reaction and in some instances is associated 
with mucosal inclusions. 

The size of the gastro-intestinal ostia, as previously noted, could 
not be accurately studied in view of the fact that the fresh material 
was immediately fixed with the minimum of manipulation. The fixed 
specimens when sectioned, however, showed ostia the greatest dimen- 
sions of which varied considerably because of variation in the size of 
the animals used. None of the ostia was less than 2.5 cm. in length. 
The amount of inturned stomach and intestine varied according to the 
time after operation and the suture method used. The specimens 
removed six and nine days after operation showed much more of an 
inturned flange than those removed later. In fact the main difference 
between the flange of a six day healing and a twenty-seven day healing 
specimen was not so much the depth of the flange (from serosa to 
mucosa) as its width, which was greater in the early specimens owing 
to edema and cellular infiltration, which generally was least pronounced 
in suture method 4 (presection technic). In any event, the determina- 
tion of inturned flange is not exact, for the same operator repeating 
the same operation must vary somewhat the amount of tissue that he 
turns in. 
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Gross evidence of hemorrhage from the free iiUiirncd portion of 
the gasti'o-intestinal wall was not oI)Scrvcd in aiw of our specimens. 
However, one twcnt}' da}' specimen (12) from suture method 1 (Con- 
nell technic) showed the lines of apposition almost complctcl}' separated 
by hemorrhage in some sections. 

Serosal Adhesions . — Serosal adhesions at the site of operation were 
observed in all our early healing specimens. They varied considerably, 
and were never the cause of complications ; we thought that probably 
they were most pronounced with suture method 5. Jiowever, after 
going over our material again, we rather doubt the correctness of this 
conclusion. A review of this particular point in a third series not 
included in this report shows that after ninety days only a few filmlike 
aA'ascular adhesions remained in animals on which suture method 5 was 
employedi 

HEALING OF THE POSTERIOR ASPECT OF GASTRO- 
ENTEROSTOMY WOUNDS 

As will be noted in the illustrations, only tw'o types of suture 
technic Avere employed on the posterior Avail of the gastro-enterostomy 
ostium; (1) a two layer method (suture method 2), employing a sero- 
submucosal continuous 0 black silk suture and an inner roAV continuous 
lock-stitch suture of 00 plain catgut that passed through all coats of 
the stomach and intestine ; (2) a three layer method (posterior method 
6), in Avhich the preA'iously described sutures AA'ere all continuous. 

We did not study the posterior ostial healing in all our specimens 
because of the many duplications. 

Si.v to Nine Day Healing . — In four specimens in which the iock-stitch suture 
was employed, only one specimen (six days) showed the mucosal defect almost 
completely covered by regenerated epithelium. All four of these specimens showed 
marked inflammation in the line of apposition, and one showed considerable 
hemorrhage. One specimen showed a silk suture directly in the line of apposition 
and the site of abscess formation. 

In three specimens in Avhich the three laj'er method Avas employed there was 
excellent fibrosis along the line of apposition with a moderate cellular infiltration. 
In one (nine day) specimen epithelium covered the site of the mucosal defect, 
while the other tAvo shoAA'ed a granulating ulcer at the site of operative injury to 
the mucosa. In all seven specimens in Avhich silk sutures Avere visible thej' 
appeared to be Avorking their Avay toAvard the lumen. 

Fourteen Day Healing. — One specimen in Avhich the three layer method AA'as 
used shoAved epithelial regeneration Avith gland formation. The healing along the 
line of apposition Avas excellent, shoAving a compact fibrous stroma Avith a slight 
round cell infiltration. Three specimens in Avhich the lock-stitch method AA'as 
employed shoAved epithelial coA-ering of the mucosal defect in one, Avithout gland 
formation, and a persistent mucosal defect in tAA-o. There Avas much more 
evidence of inflammation in the line of apposition than in the three layer suture 
specimens of from six to nine day healing. The silk in tAvo specimens AA-as near 
the mucosal margin of the anastomosis and AA'as the site of cellular infiltration. 
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llrAvu;. — Tiisrc fiircimciis were Mudied: two in which the lock- 
'tit.h tcebr.ie v.-.i'- incd and <'ne in wliicli the tlircc Inver nictliod was employed, 
i lx t\\'-> fe, liner ‘preimen.'i ^l^owcd iinieoml rcKciicrntion with glniid formation, 
ulnie the latter revealed mneeital tmion with very little gland formation at the 
■■lie of operative injtiry. .All the specimens showed a compact fibrous union at 
the line of apposition nntl virtually total absence of cellular infiltration. The 
'ilk threads in these sections were .surrounded by fibrobln.sts and a hj'aline appear- 
ing halo, while there was a total .absence of leukocytes. 

Xonc of these jiostcrior specimens showed muco.sal inclusions in the line of 
ai)Is>,<.ition. 

The foregoing descriptions indicate that in the early stages of 
healing (six to fourteen days) the three layer method presents more 
comitacl union and is complicated by much less inflammation and hemor- 
rhage than the lock-stitch suture. Our data suggest, but do not prove 
conclusively, that mucosal healing also is probably accomplished earlier 
in the three layer method. At the end of twenty days there is little 
histologic diflerencc between the two. In any event the three layer 
method, on the basis of its excellent early healing, is the preferable one 
of the two. 

In order to make this comparative study more complete, we are now 
reporting our results with two other posterior suture methods from a 
third scries of animals that so far have not been included in this paper. 
Other investigators -- generally voice the opinion that suture of the 
mucosa is necessary for its rapid healing. In view of the surprisingly 
good healing obtained anteriorly with suture method 4 (presection), 
in which no sutures are passed through the mucosa, we decided to try 
two other posterior methods of suture: one, a two layer posterior 
method in which the inner catgut suture jjierced the entire thickness of 
the gastro-intestinal wall, except the mucosa, but did not cross or suture 
the free edge of the mucosa, and the other an ordinarj' continuous 
through-and-through suture method similar to anterior method 5. The 
former method we designated posterior suture method 7; the latter, 
posterior suture method 5. These sutures are described earlier in the 
paper, although it should be noted that in posterior method 7, a good 
bite in the submucosa is necessary if one is to secure even a modicum 
of hemostasis, and in doing this it is probably inevitable that the intes- 
tinal mucosa is pierced occasionall3^ It should also be noted that when 
the gastric and intestinal mucosae are sectioned in posterior method 7, 
they evert, touch and corner the line of suture. 

Tn view of the poor immediate healing with the lock-stitch suture, 
it seemed interesting to know just how well healing occurred when the 
posterior ostial suture penetrated all thicknesses of the gastro-intestinal 
wall as an ordinary continuous suture (posterior method 5). 


22, Klose and Rosenbaum-Canne (footnote 9). Strauch (footnote 13). 
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Posterior Method 7. — Four animals were subjected to this teciinic and were 
killed at six, nine, eleven and fourteen days. The healing was remarkable. Six 
day healing (dog 64) revealed altered glandular mucosa at the site of operative 
injury, as shown in figure IS. The muscularis mucosae showed only a very narrow 
defect, while the line of apposition showed a compact granulation tissue with here 
and there a few aggregations of polymorphonuclear leukocytes. Nine day healing 
(dog 70) showed the operative site covered with columnar epithelium, while the 
line of apposition showed less inflammation than in dog 64. Eleven day healing 
(dog 65) was merely an improvement of that in the nine day specimen. The 
gastric and intestinal glands were apposed, and there was a conspicuous absence of 
a broad plateau between gastric and intestinal mucosae. Parietal cells in the 
gastric mucosa were present within about four gland-widths of the site of gastro- 
intestinal union. A silk suture was present and had an enveloping hyaline zone. 
Fourteen day healing (dog 71) showed virtually no evidence of inflammation from 
mucosa to peritoneum, while the gastric and intestinal glands were closely apposed. 
A silk suture was passing into the intestinal himen to one side oi the line of 
apposition, and had some intestinal epithelium about it. 

Posterior Method 5. — Posterior suture method S was used on one animal 
(dog 72). Nine day healing showed mucosal healing with beginning invagination 
of the young epithelium for new crypt formation. The line of apposition showed 
compact granulation tissue with little cellular infiltration. The gastric mucosa at 
a short distance from the line of apposition showed a rather characteristic change 
at a point where the stomach wall was pierced by the catgut suture. Here the 
gastric mucosa had lost its characteristic appearance. The epithelial nuclei and 
cytoplasm assumed a deeper stain; glands were found; one was rather large 
and resembled somewhat the marginal cyst on the gastric side of the healed 
mucosal defect in the same section. Marginal cysts were found in all our posterior 
sutuje methods. 

The foregoing observations indicate, we believe, that posterior 
suture methods 5 and 7 are decidedly superior to the lock-stitch suture 
and also surpass the three layer technic in so far as early healing is 
concerned. 

The complicated healing observed with the lock-stitch method is evi- 
dentty due to its strangulating effect. This is probably a reasonable 
inference in view of the rapid and excellent nine day healing obtained 
with posterior technic 5, which, while it penetrates all coats of stomach 
and intestine as the lock-stitch does, does not similarly constrict the 
tissues lying on the ostial aspect of the suture. Obviously, one experi- 
ment with posterior method 5 is inadequate and does not warrant the 
drawing of conclusions. 

A comparison of posterior methods 7 and 5 and the three layer 
technic demonstrates fairly conclusively not only that mucosal suture 
is unnecessary for early and satisfactory healing but that so-called 
mucosal suture retards mucosal regeneration. Our findings in this 
respect corroborate those of Kopyloff, and we can see no logical reason 
for a posterior three layer suture method. There seems to be little 
choice between posterior methods 5 and 7, from the standpoint of histo- 
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logic healing, ihough technically niclhod 5 is the simpler and more effec- 
tive for hemostasis. TIic lock-stitch sitturc appears most undesirable 
of all. so far as carl}- uncomplicated healing is concerned. However, 
it must be admitted that so far as remote healing is concerned, all four 
methods apparently give the .same ultimate result. 

Continuous Sill: Sutures . — Our observations in this study indicate 
that, as a general rule, there is a tendency for the posterior continuous 
serosubmucosal silk suture to migrate toward the gastro-intestinal lumen 
and to be associated with varying degrees of inflammatory reaction. 
There are exceptions to this, for in some sections no silk was seen, 
while in others the silk showed neither evidence of surrounding inflam- 
matory reaction nor a tendency to migrate toward the mucosa. 

Actual penetration of the intestinal mucosa by a silk suture was 
observ'ed only once (dog 71) and indicates that even here, where the 
suture is placed before any distortion makes its accurate placement 
difficult, the intestinal lumen may be pierced inadvertently and lead to 
epithelial inclusions in the intestinal wall. No appositional rests were 
observed in any of the sections from the posterior aspects of the gastro- 
intestinal ostia, and this would substantiate our obserA^ations on anterior 
ostial healing, that mere penetration of the entire thickness of stomach 
and intestinal wall by plain 00 catgut is not a factor in the production 
of mucosal inclusions in the line of apposition. 

SUMMARY AND CONCLUSIONS 

This study is based altogether on experimental observations on 
forty-four dogs. Anterior gastroduodenostomies were performed by 
various suture methods, while the suture material was uniform 
throughout. 

A group of five dogs from another series was utilized in this report 
to give a more complete comparison of healing on the posterior aspect 
of the gastroduodenal ostium. 

The purpose of this study was to determine whether serosal cysts 
would form between apposed peritoneal surfaces and also what differ- 
ences, if any, occurred in healing following the use of various suture 
methods. 

Our most rapid and uncomplicated healing on the anterior aspect 
of the gastroduodenal ostium was obtained by the use of a single layer 
of serosubmucosal presection silk sutures (Halsted), which were termed 
suture method 4. This observation indicates, we believe, that separate 
suture of the mucosa (mucosa and submucosa), whether emplo3’ed 
anteriorl}^ or posteriori}'’ as in the three layer suture methods, not only 
is unnecessary for rapid mucosal healing, but is probably a retarding 
factor and therefore an undesirable as well as an added technical step. 
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It also emphasizes the adequacy and desirability of the single layer 
suture method of Halstcd, when applicable. 

Our next most rapid anterior healing occurred with suture methods 
1 (Connell), 3 (baseball stitch) and 6 (three tier). From the single 
standpoint of firm union along the line of apposition they offer not 
much difference, while suture method 5 (ordinary continuous suture) 
in some of the early healing preparations showed most profound inflam- 
matory changes. 

Mucosal healing, like healing along the line of apposition, was most 
rapid with method 4 (one layer presection sutures). Next in order of 
rapidity is method 3, followed b}' methods 6, 5 and 1, with probabl}" 
little choice between the latter three on this particular point. 

Our observations indicate that mucosal inclusions develop in the 
intestinal wall when the mucosa is pierced b}' a silk suture. This obser- 
vation, originall}'’ made by Mall, has been confirmed by Flint. Other 
observers have noted these inclusions, but apparently do not recognize 
their etiology or possible significance. 

Sutures placed on the anterior aspect of the gastroduodenal ostium 
so as to evert the mucosa often cause the displaced epithelium to develop 
in the line of gastroduodenal apposition, as a persistent adenomatous 
structure of var 3 dng size. The two suture methods (technics 3 and 5) 
generally advised by English surgical textbooks possess this unrecog- 
nized, undesirable and easily avoidable technical fault; it is therefore 
questionable whether the recommendation of some authors to use suture 
methods that evert gastro-intestinal mucosa for purposes of hemostasis 
is sound advice. 

Four types of suture methods wei'e used on the posterior aspect of 
the gastroduodenal ostium. Our best healing was obtained either with 
an inner row suture passed through all coats of stomach and intestine 
as an ordinary continuous stitch or with a similar suture passed through 
serosa and submucosa leaving the cut edges of the mucosa free. The 
latter confirms our obseiwations on the anterior aspect of the ostium, 
that separate suture of the mucosa is not necessary for rapid mucosal 
healing. Next best posterior healing was obtained with the three layer 
suture technic, and most undesirable of all was the healing following 
the use of an inner row lock-stitch suture, which we believe has a 
strangulating effect on the involved tissue. 

It is therefore evident that there is a distinct difference in healing 
following gastroduodenal anastomosis depending on the suture method 
employed. However, in all fairness to the Connell stitch anteriorly and 
the lock stitch posteriorly, we admit that no untoward complications 
developed from their use, and firm healing eventually occurred. 

We believe that our observations warrant the conclusion that fine 
plain catgut, when passed throtigh the entire thickness of stomach or 
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iiilc^tina! wall, does noL cause tiic cicvcloinneiit of mucosal inclusions 
along llic course of the suture, as in the case of improperly placed silk 
suture material. However, through-.ancl-through catgut sutures as used 
Iw us on the anterior asjject of' the gastroduodenal ostium produces 
decidedly more inflammatoiy reaction in the healing process than 
metliods in which tiie\‘ are not used ; this is particularly true of the 
Council suture, which probably acts as a strangulating agent. 

Our observations also indicate that when silk suture material is 
placed without piercing the gastro-intestinal lumen, its presence causes 
practic,a!ly no inflammator}’' reaction. Halsted sutures so placed tend 
to migrate toward the serosa, while those that pierce the mucosa 
become infected, are the cause of mucosal inclusions in the intestinal 
wall and slough into the lumen either through the intestinal wall or 
along the line of apposition. 

If silk suture material is used, it is probabl}'^ preferable to use inter- 
rupted sutures. AVhile our observations are not conclusive, they are 
most suggestive that continuous silk serosubmucosal sutures show a 
definite tendenc}^ to migrate toward the mucosa. The reason for this is 
probabi}'' that if the continuous suture penetrates the mucosa at any 
one point, the entire suture ma}’- serve as a track along which the inevi- 
table infection may spread. We therefore consider the continuous silk- 
suture as undesirable for gastro-inte.stinaI anastomosis. 

Nothing that could be interpreted as a serosal inclusion was observed 
in this study, and the conclusion is probably justified that serosal inclu- 
sions, if they do form, are at best rare occurrences in which serosal 
surfaces unite under an inflammatory stimulus. 

No experiments were done in which so-called redundant mucosa 
was excised prior to suture of the anterior aspect of the gastroduodenal 
ostium. We believe that our observations suggest the inadvisability of 
such a procedure, although it is one still common!}" practiced, since none 
of our specimens showed overlapping of gastric and intestinal mucosa 
at the line of anastomosis. In fact, with some suture methods well 
marked mucosal defects occur which would probably be considerably 
enlarged b}" the excision of additional mucosa. 

Dr. William F. Allen provided assistance from the department of anatomy in 
preparing our histologic material. Miss Clarice Ashworth made the drawings, 
and Mr. Walter Johnson the photomicrographs. 
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IV. IS CHOLESTEROL EXCRETED RV THE G.VLLBLADDER JIUCOSA ? 
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CHICAGO 

Ever since the early investigations of Naunyn ^ and his associates,* 
the problem of an excretion of cholesterol and calcium by the gall- 
bladder has remained unsettled in spite of considerable literature on 
the subject. Since many of these studies were made, the ideas of 
cholesterol metabolism have undergone such radical changes that a 
restatement of a few basic facts is impoi'tant. 

To begin with, when cholesterol is mentioned, one is apt to think 
at once of the liver and bile as the important organ in its metabolism. 
This is totally unwarranted in the light of modern knowledge. In man, 
the blood contains about twice as much cholesterol as the bile. Accord- 
ing to the work of Sperry ® and others, ■* reviewed in a previous paper, 
the overwhelming proportion of the cholesterol excreted is excreted in 
the intestinal mucosa, this being a far more important route than the 
biliary. In the dog, the commonest experimental animal used in studies 
of gallstones, the discrepancy is still more marked. The blood of the 
dog has a much higher cholesterol content than that of man; the 

From the Department of Surgery of the University of Chicago. 

This work was done in part under a grant from the Douglas Smith Foundation 
for Medical Research. 
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noMiial level is from 200 to 300 mg. per hundred cubic centimeters. 
This is in marked contrast with the exceedingly low figures found for 
the hepatic bile of the dog, in which from 10 to 20 mg. per hundred 
cubic centimeters is the aA-erage. 

Ne.xt is the fact, first mentioned by Rous and ]MciMaster,° that the 
biliary tract is e.xcecdinglj' sensitive to infection if a fistula is established. 
They were able to keep the bile in their dogs sterile only bj' inserting 
a ver\’ long tube, ivliich was allowed to coil up in the abdomen before 
it was led to the surface. If this precaution was neglected, the bile 
soon became infected and had a hea\y sediment. We called attention 
in a previous paper ® to the fact that if stasis occurs in the biliar}’- tract 
of a dog, especially if the cystic duct is ligated, a prompt endogenous 
infection of the bile occurs. Pus cells and bacteria can be found in 
abundance in the bile, and microscopic e-xamination rei’eals infection of 
the gallbladder, especially on its hepatic surfaces. This work makes it 
obvious that in most experimental procedures on gallbladders of dogs 
one has the element of infection to consider. 

Naunyn early called attention to the fact that pus contained a high 
percentage of cholesterol. This content averages about 300 mg. per 
hundred cubic centimeters, and in many specimens, as high as 500 mg. 
per hundred cubic centimeters. It is obvious, therefore, that even a 
minimal infection raises the cholesterol content of the bile of dogs to 
many times its normal content. 

With these points in view, we shall consider but a single one of 
the recent publications on the subject of secretion of cholesterol into the 
gallbladder, that of Elman and Graham." These authors found that the 
gallbladder added cholesterol to the bile in considerable amounts, which 
they could not account for in any way except as a secretion of its 
mucosa. The specimens were secured by aspiration of the gallbladder 
through the liver substance so as to prevent leakage of bile. A short 
calculation shows that if but a few drops of blood or serum leaked 
through the needle hole into the gallbladder, these Avould account for 
even the highest rise reported, 300 per cent. This does not take into 
consideration the possibility of increase of the cholesterol content from 
leukocytes, which disintegrate rather rapidly in bile. 

The problem of the solution of cholesterol-containing debris by 
bile is a difficult one to answer until it is discovered how it is held in 

5. Rous, P., and McMaster, P. D. : A ilethod for the Permanent Sterile 
Drainage of Intraabdominal Ducts as Applied to the Common Duct, J.Exper.Mcd. 
37:11, 1923. 

6. Andrews, E., and Hrdina, L.: Hepatogenous Cholecystitis, Arch. Surg. 
23:201 (Aug.) 1931. 

7. Elman, R., and Graham, E. A.: The Pathogenesis of “Strawberr>-" Gall- 
bladder, Arch. Surg, 24:14 (Jan.) 1932. 
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solution in the blood. Cholesterol is insoluble in blood serum in vitro, 
and it is probably held in some chemical compound with the proteins. 
As to the bile, cholesterol is veiy slightly soluble in solutions of bile 
salts, not nearly to the amounts of the normal content of human bile. 
It has been shown b}' us in a previous paper that it is not simply dis- 
solved, but is held in a definite chemical compound with the various bile 
acids that have the i^ower to make it soluble in very high concentrations 
in an additional compound, the isolation and also the synthetic prepara- 
tion of which was described. In experimental work on dogs it is exceed- 
ingly difficult to tell if the cholesterol in infected bile is really in solution 
or not, as it may be present in such a very fine amorphous state that it 
passes rapidly through filter paper, leaving cloud)' filtrates even after 
the leukocytes have been removed. 

Our own experiences bearing on this subject have been from' the 
anal)'sis of the content of h)'dropic gallbladders whether with or with- 
out calcium carbonate stones. The results have been as follows: 

1. In all clinical cases o’f long-standing obstruction of the cystic 
duct in which all the bile salts and pigment have been absorbed, there 
has been absolutely no cholesterol held in solution; it was all in the 
form of a crystalline emulsion. It seems, therefore, that there is no 
substance other than bile salts in the bile capable of holding the cho- 
lesterol in solution. This speaks against the origin of gallbladder 
cholesterol from the body fluids, where it is probably held in solution 
in some other matter. Although obviously some such material must 
pass into the gallbladder, its solubility in the other substance enables 
it to be reabsorbed. 

2. Although the amount of cholesterol in the contents from hydropic 
gallbladders is often much higher than is found in normal bile (up to 
600 mg. per hundred cubic centimeters), it has never been our experi- 
ence to find a greater total in the gallbladder than one would theoretically 
expect to get from the precipitation of the normal amount of cho- 
lesterol from the average human gallbladder (volume from 35 to 40 cc.). 

If the bile acids have all been absorbed as they usually have in -long- 
standing hydrops, the cholesterol is always in the form of an emulsion 
and none is in solution. If cholesterol were excreted in the gallbladder, 
one would naturally expect to find a far larger amount than that theo- 
retically expected to be derived from the bile in the gallbladder at the 
time the obstruction of the cystic duct took place. Graham's figures on 
the cholesterol content of the hydropic gallbladder show a cholesterol 
content actually below that to be expected, and hence in our opinion 
do not indicate any excretion by the gallbladder mucosa. 

8. Andrews, E. : Schoenlieimer, R., and Hrdina. L. : Studies on the Etiology 
of Gallstones : I. Chemical Factors and the Role of the Gallbladder, Arch. Surg. 
25:796 (Oct.) 1932. 
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3. 'J'lic cliolcstcTol is almost uniformly crystalline in form, indi- 
cating that it has come from the bile and not from the debris of cells, 
when it would naturally he in the amorphous form. This statement, 
cannot he considered as iinal, as it is impossible to tell in a smear 
whether one is seeing cholesterol in amorphous form or the calcium 
carbonate, which may greatly exceed it in amount. One can positively 
state, however, that the debris alwaj's contains cholesterol crystals. 

In a recent communication, Phemistcr and his co-workers “ showed 
that if the human cystic duct is obstructed for long periods, there is 
an excretion into the gallbladder of large amounts of calcium. This 
is in the form of a white, creamj' emulsion of almost pure calcium car- 
bonate. Furthermore, if cholesterol stones are alread}^ present, obstruc- 
tion of the cj'stic duct will bring about a deposit of calcium on the 
periphery of such stones. This stud)’ is quite conclusive and is sup- 
ported by a series of clinical cases and roentgenograms, as well as by 
stones removed at operation, with analyses of the gallbladder contents. 
The important point in relation to our studies is that in no case was 
there present in such gallbladders any increased amount of cholesterol. 
Of seven gallbladders reported on by Phemister, one contained a trace 
of cholesterol and the others none. 

Experimental studies on this subject, as we have noted in an earlier 
paragraph, are beset with almost insuperable difficulties. The possible 
errors from infection in the gallbladder or from the pouring of a little 
serum or blood are, as we have said, far greater than the expected 
experimental variations. Light may, however, be thrown on the problem 
by certain means. 

In the first place, experiments with ligature of the common duct 
are important. If the common duct is ligated, bile will distend the 
gallbladder, and after it is once filled, will lie there with little further 
addition from the liver. Its concentration soon reaches a maximum 
(about 25 per cent total solids), following which there is very slow 
further absorption of water. Further concentration is a matter of 
months, not days. Under such conditions, if secretion of cholesterol b)' 
the wall of the gallbladder takes place, one would expect that a gradual 
mounting in the cholesterol content would take place. Added to this 
is the possibility of infection under these circumstances, which would 
increase the cholesterol. Graham reported a series of three experi- 
ments in which stasic bile showed a marked increase in cholesterol con- 
tent. This was probably due to leakage of serum or to infection about 
the needle holes, as we have done a series of forty-two such e.xperi- 

9. Phemister, D. B. ; Rewbridge. G.. and Rudisill, H.. Jr. : Calcium 
Carbonate Gall Stones and Calcification of the Gallbladder Following Cy.stic Duct 
Obstruction. Ann. Surg. 94:493. 1931. 
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meats, omitting the needle puncture and using thirty-seven normal dogs 
as controls, and as may be seen from the accompanying table, the 
results are diametrically opposed to Graham’s. A study of this long 
series has not revealed the slightest increase in the bile cholesterol. It 
varies between 30 and 100 mg. per hundred cubic centimeters, averag- 
ing about 50 mg. per hundred cubic centimeters, and in dogs with pro- 
longed obstruction of the common duct it is not only no higher, but on 
the average slightl}'’ lower, being, however, within the limits of experi- 
mental error. 

Bile from the gallbladders in six human cases of jaundice also were 
studied, and the figures fell within the normal range of human values. 

Attempts were made to study the normal secretion of the isolated 
gallbladder, most of which were failures. As previously reported by 
us,® if the dog’s cystic duct is ligated and the bile washed out and the 
hole closed, the result will be the iJrompt onset of a violent sepsis. The 
viscus will often be filled with a purulent secretion, which of course 
contains a high sterol content, as does any other pus. Another series 

Cholesterol Content of Gallbladder Bile in Stasis 


Av. Content, Mg. 
per 100 Cc. 


Controls: 36 dogs with stasis of 24 hours or less 57 

42 dogs with ligature of common duct, 3-S8 days 51 


was studied as follows. The gallbladder was isolated by ligature of 
the cystic duct and brought up to the skin and a drain inserted. The 
fistula thus produced, for several weeks secreted a purulent material 
with a high cholesterol content. This secretion gradually became 
clearer, and the cholesterol content was much less. Finally the drain 
was removed, and the wound was allowed to heal. After several open- 
ings and closings, it finally stayed closed. After several months the 
animals were put to death ; the gallbladders were removed and the con- 
tents studied. In several, it was found that the duct had reopened and 
the gallbladder was full of bile. In several others, the organ was still 
infected and contained frank pus. Only one experiment had been 
entirely successful. Dog 268 was operated on on June 3, 1931, drained 
for about two weeks and was put to death Jan. 12, 1932. In this dog, 
the findings were remarkabl)’^ like those reported by Phemister in human 
beings. The contents of the gallbladder were pure white and consisted 
of a creamy, viscid, opaque material. The walls were thickened and 
whitish gra 3 ^ j\Iicroscopic examination showed that no pus cells were 
present and ver}’’ few mononuclear cells (about one or two per field). 
Chemical anah-sis showed that the gallbladder contents contained but 
21 mg. of cholesterol per hundred cubic centimeters and 580 mg. of 
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calcium per iumclred cubic centimeters. This was the only case in our 
entire scries in which it had been possible to get a clean, pus-free 
secretion from the gallbladder of the dog, and while it is rash to gen- 
eralize from the result of a single experiment, we believe that it offers 
some further proof that the excretion of the mucosa of the normal gall- 
bladder is rich in calcium and poor in cholesterol. 

Another almost exactly similar observation was made in a clinical 
case, no. 41658. A woman, 76 years old, had undergone a cholecystostomy 
twenty-two years before ; no bile had drained, but only mucus for sev- 
eral weeks, following which the wound closed and remained so until 
just before admission when a fistula of the gallbladder was presented. 
This drained no bile, and the patient was perfectly normal except for 
the discharge. This was of a double character, being composed mostl}^ 
of a clear, watery fluid evidently from the gallbladder itself, but also 
containing an occasional gush of pus from the granulating tract. This 
interpretation was confirmed at operation in which the tract was excised 
and a cholecystectomy was done. Chemical studies of the discharge 
from this fistula showed that the purulent portion of it contained a 
high percentage of cholesterol, 510 mg. per hundred cubic centimeters. 
The clear part, however, contained only the faintest trace of cholesterol 
(less than 1 mg. per hundred cubic centimeters). This oft'ers another 
confirmation of the fact that the clean secretion of the gallbladder does 
not take part in the formation of cholesterol stones. 

COMMENT 

In a previous paper it was shown that infection of a dog’s gall- 
bladder caused a marked fall in the calcium content of the stagnant bile. 

In the control series, in which it appears that slight infection must 
have taken place, the fall in the calcium was much less, about 20 per 
cent as against about 60 per cent in the violently infected ones. These 
findings are in marked contrast to the secretion of calcium found in 
the human cases by Phemister and the single successful experiment on 
a dog reported in a previous paragraph. The explanation probabl}'^ lies 
in the reaction of the bile, or more strictl)^ of the contents of the gall- 
bladder, which in the latter group are generally free from bile salts and 
pigment. In our earlier experiments there must almost certainly have 
been a marked fall in the />h value and acidification of the bile. Rous 
showed that the bile of the gallbladder underwent marked acidification 
in the process of concentration in dogs. This, of course, would increase 
the solubility of the calcium and favor absorption. The exact opposite 
was shown to be the case by Phemister,® who found quite high 
values in his cases of calcium carbonate milk in the gallbladder. Jn 

10. Andrews, E., and Hrdiiw, E. : .Absorption of Calcium from tlic G.all Cladder, 
.Am. J. M. Sc. 181:478. 1931, 
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our single successful experiment on a clog there was not sufficient 
material to make this determination. However, alkalinity tends to 
reduce the solubility of calcium and would not favor its absorption. 

The problem, then, appears to be answered as follows : In the normal 
concentrating action of the gallbladder, the calcium is concentrated to 
about the same extent as the other ingredients of the bile. This was 
shown by us c^uite clearl}'’ in a former paper.® During this process, as 
Drury and his co-workers showed, marked acidification takes place. 
This acidification is accentuated by the presence of infection, which is 
likely to occur in any static bile, and by this means the absorption of 
calcium is hastened. If however, the cystic duct is closed over Very 
long periods, the bile is absorbed and the tendency to infection over- 
come. Then the tissue fluids secreted into the gallbladder are unusually 
alkaline, and calcium is precipitated and accumulated in the form of 
pure calcium carbonate, the more soluble salts being resorbed. 

In the case of cholesterol, the exact opposite is the case. The infec- 
tion accompanying stasis brings about tbe excretion of migrating cells 
containing large amounts of cholesterol as well as serum, which in most 
animals is richer in cholesterol than even the concentrated bile of the 
gallbladder. This cholesterol is not in soluble form and cannot be 
laid down in the crystalline gallstones. This phase of the problem has 
often been lightly dismissed, but it is impossible to explain chemically 
the changing of an amorphus debris into a crystalline gallstone. The 
existence of large crystals implies that cholesterol ciystallized out of 
solution. 

If the ducts are open, the slight amount of mucosal secretion will 
be washed out. If they remain closed, either an abscess develops or 
sterilization occurs, after which the findings of very low cholesterol 
A^alues is the usual one. In any event the cholesterol excreted by the 
mucosa takes no part in the formation of gallstones. 

CONCLUSIONS 

1. Cholesterol, although excreted by the infected gallbladder, is 
not excreted in appreciable amounts by the mucosa of the normal • 
gallbladder. 

2. The mucosa of the gallbladder takes no part in the formation 
of cholesterol stones. 

3. Calcium is excreted in large amounts by the mucosa of the 
normal gallbladder, and this is an important factor in the building of 
gallstones. 

11. Drury. D. R. ; McMaster, P. D.. and Rous, P.: Observations on Some 
Causes of Gall Stone Formation : III. The Relation of the Reaction of the Bile 
to Experimental Cholelithiasis, J. Exper. Med. 39:403, 1924. 



CALCINOSIS UNIVERSALIS 
BARNEY J. HEIN, 

TOI.EDO, OHIO 

Tlie purpose of this paper is to present a case of a rare condition and 
a treatment which 3-ielded satisfactory results. The case was observed 
at frequent intervals for a period of four years. 

Since there is considerable siniilarit\- between calcinosis universalis 
and progressive myositis ossificans, there was difficulty in identifying 
the condition presented by my patient. Because of the presence of true 
subcutaneous calcareous deposits along the fascial planes and a lack of 
ossification and involvement of the muscles, the case was considered one 
of calcinosis universalis. 

Calcium deposits have been found previoush' in manj' organs and 
tissues in various conditions, the calcification quite frequentl}' being an 
end-result of a degenerative process. Generalized calcium deposition of 
an unknown cause was first described b}’ Verse. ^ Since then other cases 
have been added to the literature. Not infrequenth’, associated with 
calcinosis universalis were other conditions, such as scleroderma, derma- 
tom3'Ositis and m3'Ositis fibrosa. Langmead - expressed the belief that 
the cause underl3dng these four disorders is probably the same. 

Various theories were advanced as the cause of calcinosis universalis. 
Craig and L3^alP expressed the belief that it is a disturbance of the 
calcium-phosphorus balance. A parathyroid dysfunction was advanced 
as the cause, and parath3’roid extract was suggested for treatment. 
In a child of 3^2 years Morse found that the calcification was preceded 
by a degeneration of fat. Virchow described a condition which he 
labeled metastatic calcification. Wells,® Schulze ® and others showed that 
the condition studied by Virchow presents an oversaturation of the blood 
with calcium salts, and the calcium deposition occurs without a previous 

1. Verse, M. : Ueber Calcinosis universalis, Beitr. z. path. Anat. u. z. allg. 
Path. 53:212, 1912. 

2. Langmead, F. S. : Relationship Between Certain Rare Diseases : Sclero- 
derma, Calcinosis, Dermatomyositis, ^lyositis Fibrosa. .•\rch. Pediat. 40:112, 1923. 

3. Craig, John, and Lyall, Alexander: A Case of Calcinosis L'niversalis, and 
a Suggested iMethod of Treatment, Brit. J. Child. Dis. 28:29, 1931. 

4. Morse, John Lovett: Calcification of the Skin in a Child. Am. J. Dis. Child. 
22:412 (Oct.) 1921. 

5. Wells, H. G. : Metastatic Calcification. Arch. Int. Med. 15:574 (’.April) 
1915: Tr. Chicago Path. Soc. 9:208. 1914-1915. 

0. Schulze, F. : Skelettveranderungen als L'rsache von 3'crkalkuneen. Mitt, 
a. d. Grenzgeb. d. Med. u. Chir. 36:243. 1923. 
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degeneration of tissue. Wells also pointed out that the calcium is 
deposited in areas in which carbon dioxide is least abundant. 

Tisdall and Erb ' reported two cases of calcium deposition in the 
skin with normal blood calcium and phosjihorus. They expressed the 
belief that some local condition was the determining factor in the deposi- 
tion of calcium. Bauer, Marble and Bennett/ studying the case of 
Wilens and Derby,” did not find fatty degeneration, inflammation or 
tissue necrosis. The blood calcium of the ])atient was normal, and they 
believed that the calcium deposition was due to an abnormal calcium 
and phosphorus metabolism. 

It is generally agreed that the treatment of calcinosis universalis is 
futile and the condition is progressive. Craig and Lyall ” reported a 
case in which the calcium disappeared in sixty da3’s following the 
administration of disodium phosphate. Kenned}’ advised a ketogenic 
diet. Frolich treated a patient with progressive myositis ossificans 
with a high fat diet. He believed that calcium deposition could be 
prevented by such a diet, basing his view on the gradual disappearance 
of some of the calcium and an absence of new deposits in his patient. 

REPORT OF A CASE 

History . — A girl, aged 614 years, was first seen on Feb. 4, 1928. She had 
difficulty in walking because of contraction of both Achilles tendons and a resulting 
equinus. She walked on the forepart of her feet. She had painful and indurated 
areas on her extremities. She had had measles at 3 years, “intestinal flu” at 4, 
whooping cough at 5, tonsillectomy at 5, cliickenpox at 6 years and pneumonia three 
times between the ages of 3 and 5. Her present difficulty began four years prior to 
examination when she began to fall down. Two and a half years later her- joints 
became “stiff.” 

E.ramijiation . — At the time of the first examination she had a temperature of 
100 F. and a pulse rate of 90. The conjunctivae were slightly injected, and the 
veins of the eyelids were dilated. There was induration of both pectoralis major 
muscles as they bridged the axillary space. The inguinal glands were enlarged. 
There were also indurated masses in both biceps tendons, and the elbows could not 
be extended bej'ond 80 degrees. The shoulder joints were normal. The forearms, 
the hands and the fingers were normal. There were similar indurated masses m 
both hips, but with no limitation of motion. The thighs were indurated, the con- 

7. Tisdall, F. F., and Erb, I. H. : Report of Two Cases with Unusual 
Calcareous Deposits, Am. J. Dis. Child. 27:28 (Jan.) 1924. 

8. Bauer, W. ; Marble, A., and Bennett, G. A. : Further Studies in a Case of 
Calcification of Subcutaneous Tissue (“Calcinosis Universalis”) in a Child, Am. 
J. M. Sc. 182:237, 1931. 

9. Wilens, Gustav, and Derbj% Joseph : Calcification of Subcutaneous Tissue 
in a Child (Calcinosis Universalis), Am. J. Dis. Child. 31:34 (Jan.) 1926. 

10. Kennedy, R. L. J.; Calcinosis and Scleroderma in a Child Treated by 
Ketogenic Diet, M. Clin. North America 12:1655, 1929. 

11. Frolich, Theodor: La myosite, ossificante progressive, traitee par le jeune 
hydrocarbone (I’acidose artificielle), Acta pmdiat. 5:294, 1926. 
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Fig. 1. — Photograplis taken after four 3 'ears of observation. Note the scars 
on the right thigh and on the right and left buttocks, wlicre calcareous areas broke 
<3o\vn; also note the position of the feet. 




Fig. 3. — A, roentgenogram taken in February, 1928. Note the involvement of 
the extensor tendons to the dorsum of the foot. B, roentgenogram taken in 
October, 1931. Note the marked disappearance of the calcium deposit as con- 
trasted with A, taken three years previously. 



Fig. 4. — A, roentgenogram taken in February, 1928. B, roentgenogram taken 
in October, 1931. Note the diminished amount of calcium about the buttocks and 
thighs as contrasted with the roentgenogram taken three years previously. 
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liiiil'ii hciiif; iii'iiT iunni'inircd uii tlif left .'■idc. Tlicrc was contraction of l)oth 
Aihillrs tcndoit'. with induration of llic left tine. The rif,dit anl.dc joint was fi.xcd, 
hnl there was some motion in the forepart of the right foot. The left ankde joint 
liad a marked limitation of motion. The indurated areas hegan as small, red, 
painful, snhrnlaneous nodules, enlarging progressively and difTiising into the sur- 
rounding tissue. The older areas were painless. Often two or more of these 
nodules coalesced: some of them had a soft center, broke through the skin and 
discharged calcareotis material. 

.\t the first examination, roentgenograms were taken of the entire osseous 
system. There were marked calcareous deposits along the fascial planes in both 



Fig. 5. — A, roentgenogram taken in February, 1928. Note the calcareous 
deposits about the axillae. B, roentgenogram taken in October, 1931. Note the 
marked disappearance of the calcium deposits. 


gluteal regions, the thighs, most marked on the left, about both knee joints, the 
popliteal space, the calves of both legs and along the extensor tendons of the feet. 
There were also deposits in the pectoralis major muscles and in the upper and 
posterior parts of the arms, as well as involvement of the biceps tendons. 

The white blood count was 7,600, with 68 per cent polymorphonuclears. 32 per 
cent lymphocytes and 80 per cent hemoglobin; the red blood count was 4.200,000. 
The reactions to the Wassermann and Pirquet tests were negative. The blood 
calcium was 16 mg. on Feb. 11, 1928: 11 mg. on May 26, 1928; 10 mg. on -Aug. 20, 
1930, and 10.8 mg. on Jan. 19, 1932. 
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A nodvilc was removed in Fel)riiary, 1928, from llie riRiit 'J’iie no<!ule was 

intimately attached to the fascia lata. Grossly, the tissue was ijrayish white with 
small firm granules. Micrnscojiically, the tissue showed a innrkerl infiltration of 
calcium arranged in glohules of varying sizes, 'fhe cfmuective tissue was swollen, 
edematous and, in places, necrotic. 'J'liere was an occasional giant cell containing 
calcium granules. 



Fig. 6. — Section of a nodule removed from the external aspect of the right thigh 
in February, 1928. A shows deposition of calcium. B shows edema and swelling 
of the tissue, with necrosis in some areas. The entire right edge contains calcium 
in rather circumscribed nodules of varying sizes. There is an occasional giant cell. 
There are no hone cells. 
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'] u-,-i;vu-i:!. Tlir iitniticr tii'liiTil a iiiarKi'd iiiiiinivciiiciit ill llic paliciit (luriiii: 
llir iv.niiiui iiinnllf-, will'll llic chilli iilavcc! in llic Miiisliiiic, and a progression of 
the ihnaM' ilmiiu; the winter mimlh>.. necanse of this ohservation a course of 
hfli' tlutapy wa^ oiilliiied. The c.\po<.iirc-. were jiradnally increased to cover the 
entile hi'dy daily. ’I'lie first esposinc was for five niiiniles, wliicli was Rrndiially 
incrca'id to three or four iionrs daily, 'flic inerenry ipiartz liclit was tised during 
the nioiiihs of the year in which stiiishine was not availahle. This trcatineiU was 



Fig. 7. — Sections removed in October, 1931, three years after the first biopsy. 
A shows numerous giant cells filled with small particles of calcium. The calcium 
is in small granules instead of large deposits, as seen in figure 6. The connective 
tissue shows absence of swelling and only slight edema. B shows a mononuclear 
infiltration, giant cells and a granular deposit of calcium. 

administered during the four year observation period. No other treatment was 
given during this time. During the fall, winter and spring of 1929 and 1930, the 
patient resided in Arizona. After eight weeks of the treatment the blood calcium 
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fell from 16 to 11 iiijr. No new pninftil indurated areas were found. The old areas 
became painless. Tlic tem])eratnre did not ri.se above 99 I'., and the lieadacbcs 
disappeared. Several indurated areas l)roke down but healed i)roniptly. The roent- 
genograms taken at si.\ montli intervals over four years showed a gradual disap- 
pearance of the calcium. A biopsy done in October, 1931, showed numerous giant 
cells filled with granules of calcium. 'I'lie calcium deposits consisted of minute 
granules instead of large masses as in the previous biopsy material. The connec- 
tive tissue did not show necrosis and swelling and only a slight edema. There was 
a moderate mononuclear infiltration. It was ai)parcnt that the method of removal 
of calcium was by means of a foreign body giant cell reaction with some unknown 
factor producing granularity of the large masses of calcium. 

SUMM.VRV 

A case of a diffuse calcium deposition in fascias (calcinosis uni- 
versalis) is presented. Heliotherapy apparently produced a gradual 
disappearance of the calcium as observed by progressive roentgenograms. 
There was associated a definite clinical improvement. The removal of 
the calcium apparently was accomplished by a giant cell reaction 
preceded by a fine granularit}' of the large masses of calcium. 

Dr. Bernhard Steinberg, Director of Laboratories and Research of Toledo 
Hospital, assisted me in the pathologic descriptions and the photographs. 

316 Michigan Street. 
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'I'lic incRvi>iii,i^ iniinluT of cases of iraimia of llie licaci presents a 
jirolilem of major im])ortance to all hranclies of tlie medical jirofession. 
I'rom antomohile acciflenls alone there were 31.000 deaths in 1931 in 
ihe I’niled .Stales, ;ind the total mimher of accidents for the year 
i-.\!cnded into the millions. Injuries of the head are frequent among 
such accidents. 

'I'licrc has heeii a marl<ed therapeutic advance in the management 
of the severer tyjies of acute injuries of the head in the past decade, 
owing to the increasing general knowledge of the diagnosis and treat- 
ment of cerehral edema and hemorrhage. Also, the surgical indications 
are fairly well agreed on hy .all authorities. 

'I'he milder degrees of cerehral trauma, which at the time of the 
.accident arc usually called cerehral concussion, representing types of 
injury to the brain without acutely increased intracranial pressure, with 
or without fracture of the skull, have not in our opinion received the 
study they deserve. In the past the results of treatment of this group 
of i).aticnts, in which there is a large number, have been unsatisfactory. 
A large percentage of the patients have residual complaints, and the 
question as to whether their complaints were on a psychogenic or an 
organic basis has not been clear. 

Some of the patients show dilTusc neurologic signs, mental syiniDtoins, 
personalit)' changes, palsies of the cranial nerves and bilateral findings, 
but no focal signs. These findings are not entirely attributable to 
cerebral edema, but are probably the result of multiple punctate hemor- 
rhages throughout the brain tissue. This condition is a true type of 
traumatic encephalitis, and in some cases additional subarachnoid hemor- 
rhage is present. 

A much larger group of patients, however, who suft’ered from 
so-called concussion, never showed any organic signs of neurologic 

From the Departments of Neurology and Radiology, University of N'ehraska 
College of Medicine. 
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structural disease. The acute concussion was jiresunied to be an essen- 
tially transient state not producing structural damage to the nervous 
system. Nevertheless, the ]>atient.s continued to complain for long 
periods of numerous symptoms, such as headache, vertigo, tinnitus, dis- 
turbance of sleep and inability to concentrate. 

Glaser and Shafer,^ in a study of 255 cases of trauma of the head, 
found 140 cases, or 54.9 per cent, without fracture of the .skull. They 
found organic neurologic signs in onl}’- 18.5 per cent of these cases. Tet 
90 per cent of the group of patients had profound subjective complaints. 
The studies showed that chronic headaches jiersistcd more often in the 
group without fracture of the skull than in the grou]) with fracture of 
the skull. Also, the older the patient, the more likely he was to have 
prolonged complaints. Unfortunately, their studies were not confirmed 
by encephalographic examinations. 

Pomme and Liegeois - reported persistent subjective symptoms in 
113 soldiers who sustained wounds of the head during the World War. 
The patients all had either fracture of the skull or cerebral concussion. 

Because of the absence of objective findings on neurologic exami- 
nation, the conditions in the patients studied were usuallj’^ diagnosed as 
posttraumatic psychoneuroses. More recent diagnostic studies of these 
patients by careful observers have usually shown a characteristic and 
demonstrable cerebral disorder that exists even without definite neuro- 
logic findings. Many of the patients showed reactions similar to those 
seen following acute epidemic encephalitis. 

By the method of encephalography we are able to visualize accurately 
and to determine the amount of structural damage to the intracranial 
contents. The more common findings shown by encephalographic studies 
are extensive cortical or cerebral atrophy, hydrocephalus (external and 
internal) and arachnoiditis, with obstruction to various cerebrospinal 
fluid pathways. 

The general medical profession is still slow to recognize the tre- 
mendous advance in intracranial diagnoses brought about as a result 
of cerebral visualization by this method. This procedure should be in 
more general use, as it removes much of the guesswork in clinical 
neurology. The procedure should be recommended in all cases of 
cerebral injury in which there is a question of diagnosis. It is of 
extreme value in certain medicolegal cases in which the question of the 

1. Glaser, At. A., and Shafer, F. P. : Skull and Brain Traumas: Their 
Sequelae; A Clinical Review of Two Hundred and Fiftv-Five Cases, J. A. AI. A. 
98:271 (Jan. 23) 1932. 

2. Pomme. B.. and Liegeois, R. : On the Subjective Sjmdrome Common to 
Head Injury, Rev. neurol. 1:-183 (April) 1931; quoted in Neurology, Practical 
Alcdicinc Series, Chicago. Year Book Publishers, Inc., 1931, p. 60. 
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I Nil 111 'if i-('r<-Iir;il d.'iinnuo is ]>ri'.''cnt. It i^ivi’s iicciinilc; diagnostic 
inininiaiiiiii nut olilainal'lr in any ntluT ivay. It slionkl also be reconi- 
nitndiil Irniii a iheraiH'ntic standpoint, b'razier. I’entield, J'ay .•ind 
I'lbn-^ wild have made large nnmliers of encephalograms rejMirtcd that a 
]'ereentage of their patients are relieved of severe ])()sttranmatic S3'mp- 

tOIllS. 

'I'lie ]iathologie causes of the profound elianges seen on enceplia- 
logra]'hv. jiarticnlarly in cortical atrophy, are in dispute. There are 
jirohahly several factors, one or more being o]ierative in each case, 
h'ay ■' expressed the belief that traumatic cerebral atrophy is a jiressnre 
.itroiihy due to ;i disturbance in the cerehrnsiiinal fluid-eliminating 
mechanism (subarachnoid villi and pacchionian bodies), ])ermitting an 
increase in the amount of snpracortical llnid with iiressnre. As a result 
of Hagley’s ^ observation of arachnoiditis produced from blood intro- 
duced into the subarachnoid sjiaces. I'ay e.xpressed the belief that 
ccrehral trauma ])rodncing stiharachnoid hemorrhage injures the pac- 
chionian bodies, producing obstruction to the outflow of cerebrospinal 
fluid, with secondary pressure atrophy of the corte.x. 

A\'hen necrop.sy studies have heen possible in cases of death resulting 
from some c.ause other than concussion, acute cerebral injuiT in the form 
of multi|)le ininctate intracerebral hemorrhages has been shown. Osnato 
and Giliberti," from a review of the literature and their own pathologic 
studies, found difTuse periva.scular hemorrhagic infiltration similar to the 
jicrivascular jiathology of acute encephalitis. They concluded that cases 
of concussion do show evidence of structural cerebral injury, and that 
there is a strong likelihood for secondary degenerative changes to 
develop. The}' believe, therefore, that postconcussion neuroses should 
])ro] 5 erly be called traumatic encephalitis. 

In mild cases of cerebral trauma that haA'e been carefully observed 
from the onset, in which intracranial compression symptoms were mild 
and no pronounced cerebral edema was demonstrable on lumbar puncture 
and manometric reading and in which the spinal fluid was clear, marked 
pathologic changes have nevertheless been shown on later encepha- 
lography. The concept of traumatic encephalitis explains the pathologic 
findings better than Fay’s concept of pressure atrophy from obstruction. 
As stated before, however, the combination of factors (cerebral edema, 
subarachnoid hemorrhage and intracerebral diffuse minute hemorrhages) 

3. Fay, Temple: Generalized Pressure Atrophy of the Brain, Tr. Sect. Surg., 
Gen. & Abd., A. M. A., 1929, p. 186. 

4. Bagley, Charles, Jr.: Blood in the Cerebrospinal Fluid: Resultant Func- 
tional and Organic Alterations in the Central Nervous System; A. Experimental 
Data, Arch. Surg. 17:18 (July) 1928. 

5. Osnato, M., and Giliberti. V.: Postconcussion Neurosis— Traumatic 
Encephalitis: A Conception of Postconcussion Phenomena, Arch. Neurol. & 
Psychiat. 18:181 (Aug.) 1927. 
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probably produces the majority of cases of cortical atrophy. Olditcr- 
ative arachnoiditis is best explained i)y previous subarachnoidal bemor- 
rhage. 

Variations in the size, contour and position of the ventricles result 
from a combination of atrophy of the brain and subarachnoidal changes 
which may produce traction through adhesions or j)ulsion through a 
cystic expansion of the suiJracortical channels. .Atrophy of the par- 
enchyma of the brain without ))eri]ihcral fixation of the corte.x by sub- 
arachnoidal adhesions or without a block between the ventricles and 
subarachnoidal spaces may lead to extensive widening of the arachnoidal 
channels and 3'et ma}' cause little change in the ventricles. Asymmetric 
atroph}' of the brain may lead to an unbalanced enlargement or 
distortion of the ventricles or subarachnoidal channels. Unilateral 



Fig. 1. — An essentially normal encephalographic studj' which shows clearly 
visualized subarachnoidal spaces distributed symmetrically over the cerebral corte.x, 
about the cerebellum and through the basilar and cisternal channels without evi- 
dent obliteration, enlargement or distortion. The ventricles are within the limits 
of normal size, position and contour. 

adhesive arachnoiditis will tend to pull the ventricular system toward 
that side, while ct’stic expansion within the subarachnoidal or subdural 
region will tend to push the ventricles toward the opposite side. Sym- 
metrical obliteration of the subarachnoidal spaces and absorption path- 
ways, unattended by localized atropity of the brain secondar}^ to punctate 
hemorrhages, will lead to symmetrical atrophy of the brain with conse- 
quent symmetrical dilatation of the ventricles. 

The following cases illustrate various pathologic findings on encepha- 
lography in cerebral trauma without fracture of the skull. These are 
the so-called cases of cerebral concussion or traumatic encephalitis. 
The cases also illustrate the marked benefit often obtained in the symp- 
toms of the patient following spinal drainage with air replacement. 
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I A*-! Iiiiili (if 17, Ii.'kI licfii :i dinictiH hrcccli delivery. The 

tiidu ;inu hml ;d\v.'i.v>. Iktii \vr;d; :uid tinilerdevehiped. At 8 years of :if;e lie liad 
ifiri\(d a ■•tviie Idelv- ill the head hy a Imr.'-e. h'ollnwiiif; tliis the patient was 
niii iiiiM ioin fcir alunil two hours and hail fever for two days. 'J'hree week's later 
j.'u (.'oiiian convulsions hep.'in over the riplil Iialf of the hotly, whicli hecanic 
pioen ssivdy worse. Netirolopie e.sainination was neKative e.vcepl for riglit 
it'-nioiicinions heinianopi.'i ;ind sjiastic paresis of the ripht arm. 

1 lie clinical dini;nosis was residual cortical defect from birth hemorrhage of 
the lift rolandic area; secondary traumatic, encephalitis. 

I'mephalography slnnvcd ( lig. 2) atrophy of the left jiarietal and occipital 

Iol.es. 

t'\sr. 2.--Mr. (1. \\‘.. aged nO. following an aiitomohile accident in 1928, was 
• t iniconscioiis for one weelc. rrogressive memory and a personality defect fol- 



Fig. 2 (case 1). — DifFusc atrophj’ through the parenchyma of the brain, most 
e.\tcnsivc in the left parietal and occipital lobes of the cerebrum, thereby leading to 
an e.xtensive local enlargement of the surrounding subarachnoidal space and an 
e.xpansion of the posterior half of the left lateral ventricle. The right lateral ven- 
tricle and subarachnoidal channels are within normal limits. There is gross widen- 
ing of the subtentorial space and cisterna magna suggestive of cerebellar atrophy. 

lowed the injury. Examination in March 1930, revealed no focal signs of neurologic 
disease ; a marked organic psychotic reaction tj'pe of psychosis was present. 

The clinical diagnosis was cerebral arteriosclerosis with traumatic encephalitis. 

Encephalography showed (fig. 3) obliterative arachnoiditis obstructing the 
basilar subarachnoid channels, with cortical atrophy. 

Case 3. — Mr. C. O., aged 22, had been in an automobile accident in January, 
1931. This was followed by a period of unconsciousness in the hospital for seven- 
teen days, but there was no fracture of the skull. He was mentally confused and 
amnesic for one month. When examined in April, 1931, the complaints were 

6. Dr. G. .Ale.xander Young gave us permission to report his cases 4 and 5, 
Dr. J. J. Keegan allowed us to report case 8. 
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Fig. 3 (case 2). — Relativelj’ complete obliteration of the siipracortical sub- 
arachnoidal channels obstructing absorption of the cerebrospinal fluid and therebj' 
leading to extensive widening of the more proximal subarachnoidal channels along 
the basilar and temporal regions together with a dilatation of the lateral ventricles 
and consequent parenchymal atrophy somewhat more extensive in the left side. 



Fig. 4 (case 3). — Relative obliteration of the supracortical subarachnoidal 
channels, somewhat more complete over the left side of the cerebrum, leading to a 
moderate distention of the space along the falx and through the basilar cisterns 
together with dilatation of the lateral ventricles to four or five times the normal 
capacity and associated parenchj-mal atrophy, most extensive in the left side. 




AVi.v.v/-./ /-//r.v/— 7 A’.;r.i/./7/c i;xci:rii.iijT/s m3 

ilijil.'in.i ,111(1 li( .nl.-u 1u-. A 11.11 li.-il p.'iKy of llif liplit lliii'd nerve was tlie (inly 
1 I'U ( iix (' nmlini;, 

1 111 - (linii.'il (liairnii'-i'. w,i<. (raiimaliV eiu‘c(iliali(i.s- and arae-Iinoidilis. 

Mnirpli.-dciriaiihj’ <.liiiwc(l ( ('n:. ■)) liilaleral (ilililerativc arachnoiditis with cor- 
liial atrephy. 

t \>-!' -t.'-Mr. II. t*.. ai;ed 2<>, in jnne, I'Ml. snfTered a coinpiiiind fracture of 
till n.i'.al Iwnes front a hc.’ivy iron crank, 'rite patient was nnconscious for a few 
ininntes, and leinaincd in the hospital oidy three days, I'ollowiilR: this he had 
(onlinnal frontal pain, which caused complete disnhility. NenroloRic e.'tninination 
rev( ,ded no olijective sipiis of organic disease, and traninatic hysteria was con- 
sidered. 

The clinical diaitnosis was indeterminate. IfncephaloRraphy was done for diag- 
nosis, 

Mnccph.-dngrafihy showed (ftp. 5) ohiiler.ativc arachnoiditis in the frontal areas 
'.\ith cortical atrophy. 



Fig. 5 (case 4). — Relative obliteration of the subarachnoidal spaces, most 
■definitely pronounced over the frontal lobes and on the right side associated with 
slight cerebral atrophy and dilatation of the lateral ventricles, somewhat more 
e.xtcnsive in the right frontal area, the lateral ventricle being four or five times the 
normal capacity. 

Only a partial drainage was accomplished, which resulted in a transient improve- 
ment of symptoms. Three months later the patient had a second encephalographic 
study with complete drainage followed by complete relief from symptoms. The 
same obliterative arachnoiditis was present. 

Case 5. — Mr. L. E., aged 36, in April, 1931, was struck on the right parietal 
region with a rock weighing 4 pounds (1.8 Kg.) which fell 10 feet (300 cm.). 
Unconsciousness lasted about ten minutes. The accident was followed by pains in 
the head, vertigo and persistent nervousness, with an inabilit}' to lie on the back 
or the right side of the head. Neurologic examination revealed no organic signs. 

The clinical diagnosis was indeterminate. Encephalography was done for 
•diagnosis. 

Encephalography showed (fig. 6) bilateral obliterative arachnoiditis and cortical 
atrophj'. Complete relief from the headache and other symptoms followed the 
injection of air. 
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Case 6. — Mr. C. H., aged 40, Iiad l)ccii in an automobile accident in August. 
1931, in which he fractured hi.s nose and was nncon.scions for about two hours. 
One week later he had febrile delirium for four days, and recovered when the right 
ear drum ruptured. Persistent headache and a purulent discharge from the car 
continued. Examination on October IS revealed i)urulcnt mastoiditis, lateral nystag- 



Fig. 6 (case 5). — Slight relative obliteration of the supracortical subarachnoidal 
channels, most definite over the left side of the corte.x, together with enlargement of 
the left lateral ventricle to three or four times the normal size and with associated 
slight atrophy through the parenchyma of the left lobe of the cerebrum and slight 
atrophy through the right lobe. 



Fig. 7 (case 6). — E.xtensive bilateral generalized atrophy of the parenchyma 
of the cerebrum and cerebellum, leading to an expansion of the subarachnoidal 
channels over the cortex to a width of 10 or 20 mm. and a gross widening of 
the cisterna magna and subtentorial space. The ventricles appear normal in size 
and position, owing to the absence of peripheral fixation of the atrophic brain b}' 
adhesive obliterating arachnoiditis. 


mus and an increased spinal fluid pressure. A simple mastoidectomy was performed 
without relieving the headache. A radical mastoidectomy was then performed on 
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ml <•) i!ic )'i I III ilr.tin.icc. ICiii'rii!i;ilii);r;i]iliy \v:is then carried out on 
..M'inil i f ilir jnii-i<.tint Ik ad:i( lie. 

l-.iK < lih.'ili'(;ra|ih.v i^linwed ( fn:. 7) e\Ien‘-ive hilateral cortical atrophy. .Mino.st 
'• niplttc t^hcl ffiiin >.Mnpliint>. fi«IliOM<l the eitceplialoprapliy. 



I-'ifT. R fcase 7). — ^fnrke<I decree of >reneraliml cortical atrophy leading to a 
slight widening of the .suharachnoidal spaces over the cortc.N, but without enlarge- 
ment of the ventricles. 



Fig. 9 (case 8). — Extensive obliteration of the subarachnoidal channels about 
the right side of the cortex, with an associated density confluent with the lateral 
portion of the right side of the cerebrum. Moderate degree of atrophy through the 
parenchyma of the left side of the cerebrum, with an associated enlargement of the 
left ventricle to three or four times the normal size and slight displacement of 
the ventricles toward the left side. 


Case 7. Miss A. E., aged IS. four years previously had fallen on cement while 

roller skating and was unconscious for a few minutes. Severe headache and 
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vomiting were present for three clays. Since tluit time tlie patient liatl siifiered 
from petit mal seizures, vertigo, intense headaches and vomiting. During tlie past 
year the patient had been disabled froin severe headache and daily vomiting. 
Examination revealed no objective findings excejit lateral nystagmoid movements ; 
the cisternal fluid pressure was normal. The spinal fluid pressure with the patient 
in the upright position, prior to encephalography, was 40 mm. of mercury. 

The clinical diagnosis was traumatic enccpiialitis. 

Encephalography showed generalized bilateral cortical atrophy. This patient 
is still under observation, and is suffering from headache and vomiting; the spinal 
fluid pressure remains moderately increased. Subtemporal decompression is being 
considered to give relief. 

Case 8. — Mr. P. R., aged 24, in June, 1931, was thrown against an automobile 
steering wheel, but was not knocked unconscious. Gradually increasing headache, 
mental dulness and blurred vision developed. About five weeks after tbe onset, 
a subdural hematoma was drained through a right frontotemporal trephine opening. 
Spinal punctures had shown an elevated pressure. Temporary improvement fol- 
lowed the operation. Because of a recurrence of symptoms, encephalography was 
carried out on November 9 (fig. 9). On Dec. 3, 1931, Dr. J. J. Keegan performed 
a right subtemporal decompression, at which time thickened meninges, edematous 
cortex and flattened convolutions were found. 

The clinical diagnosis was traumatic arachnoiditis from a previous subdural 
hematoma. 

Encephalography showed (fig. 9) arachnoiditis and cortical atrophy. 

SUMMARY 

1. The importance of a more careful diagnostic study of the patient 
with mild cerebral traumatism is emphasized. In any doubtful case, the 
study should alwa)'^s include encephalography, which is the only accurate 
diagnostic method known. Encephalography should be recommended 
also as a therapeutic agent to relieve posttraumatic symptomatology. 

2. The mechanism of production of cortical atrophy is discussed. 
The cause is usually a combination of factors: (a) an obstructive out- 
flow of cerebrospinal fluid from subarachnoid hemorrhage and edema 
and (&) diffuse intracerebral punctate hemorrhages or ti'aumatic 
encephalitis. 

3. Eight illustrative case reports with encephalographic findings, 
showing pronounced cerebral damage from relatively minor injuries of 
the skull, are included. Therapeutic benefit in the relief of posttraumatic 
symptoms has been noted in about half of our cases. 
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.■\hlK)Di;!i iiinst investigators and clinicians liavc attributed death in 
acute intestiiud obstruction to a toxemia, there has been considerable 
evidence accinnnlaling lately tliat supports the view that the loss of 
<ligestivc secretions is an iniimrtanl factor in death from uncomplicated 
or simjile high intestinal obstruction. Gatch, Trusler and Ayres ^ have 
emphasir.ed the at'cw held by Hausler and Foster - that two types of 
mechanical obstruction must be recognized: (1) acute simple obstruc- 
tion in which there is simjile occlusion of the lumen without circulatory 
involvement and (2) acute strangulation in which the obstruction is 
comidicatcd by interference witli venous, arterial or lymphatic circula- 
tion. As a result of their experiments Gatch and his associates con- 
cluded that in the first t3'pc, which occurs chiefly high up in the intestinal 
tract, death was caused by a profound metabolic disturbance resulting 
from three factors; dehydra tion, loss of chlnrides and starvation. In 
the second ti'pe the same factors were present but were overshadowed 
by toxemia. They felt that the toxin was not absorbed from the intact 
mucosa but made its way into the circulation through an overdistended 
bowel, and in the event of gangrene the absorption by wa}!- of the peri- 
toneal surface was rapidly fatal. 

In this communication we are concerned with the loss of digestive 
secretions as an important factor in the explanation of death in uncom- 
plicated high obstruction, and the evidence presented applies to this type 

From the Department of Surgerj-, the University of Chicago. 

1. Gatch, W. D. ; Trusler, H. M., and Ayres, K. D. : Acute Intestinal Obstruc- 
tion: Mechanism and Significance of Hypochloremia and Other Blood Chemical 
Changes, Am. J. M. Sc. 173:649, 1927; Causes of Death in Acute Intestinal 
Obstruction, Surg., Gynec. & Obst. 46:332, 1928. 

2. Hausler, R. W., and Foster, W. C. : Studies of Acute Intestinal Obstruc- 
tion: I. Different Types of Obstruction Produced Under Local .Anesthesia, .Arch. 
Int. Med. 34:97 (July) 1924. 
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of obstruction. Tlie appreciation tliat the mechanism of death probably 
is primarily chemical rather than toxic has been made possible by studies 
of the chemical composition of the blood of obstructed animals and also 
by experiments with fistulas. The most satisfactory explanation of the 
chemical nature of death resulting from loss of digestive secretions has 
been given in a series of articles by Gamble and Mclver.-'’ They found 
that the inorganic constituents of the digestive secretions were to a large 
extent sodium and chloride ion. The continued loss of these secretions 
depleted the blood plasma and interstitial fluids of the important blood 
electrolytes, fixed base (chiefly sodium) and chloride ions, without which 
the bod}' could not hold fluids. Also the relative amounts of sodium 
and chloride ion lost resulted in an acidosis or an alkalosis of varying 
degree. They explained the mehanism of death on the basis of dehy- 
dration following loss of blood electrolytes, and of distortion of the 
acid-base equilibrium of the body. They believed that the loss of 
digestive secretions was an adequate explanation for the cause of 
death in uncomplicated high obstruction. 

The evidence that the loss of digestive secretions is an important 
factor in the cause of death in high obstruction is offered by experi- 
ments involving: (1) administration of sodium chloride solution sub- 
cutaneously or intravenously to obstructed animals; (2) short-circuiting 
digestive secretions below the obstruction; (3) production of fistulas, 
high intestinal, pancreatic and gastric; (4) administration of sub- 
stances into the bowel below the obstruction, such as vomitus, sodium 
chloride, dextrose and peptone, 

Hartwell, Hoguet and Beekman * were the first to administer sodium 
chloride solution subcutaneously to animals with intestinal obstruction. 
By using about 500 cc. daily, they kept three animals with high obstruc- 
tion alive from twenty-one to twenty-six days, when they were exam- 
ined and killed. They felt that there were two important factors in 
death from high obstruction: 1. Loss of water from the tissues caused 
by excessive drainage into the intestinal lumen followed by vomiting. 

3. Mclver, M. A., and Gamble, J. L. : Body Fluid Changes Due to Upper 
Intestinal Obstruction, J. A. M. A. 91:1589 (Nov. 24) 1928. Gamble, J. L., and 
Mclver, AI. A. : The Factor in the Dehydration Following Pyloric Obstruction, 
J. Clin. Investigation 1:403, 1925; A Study of the Effect of P 3 doric Obstruction, 
ibid. 1:531, 1925; The Acid-Base Composition of Gastric Secretions, J. Exper. 
Med. 48:837, 1928; The Acid-Base Composition of Pancreatic Juice and Bile, ibid. 
48:849, 1928; Bod\’ Fluid Changes Due to Continued Loss of the External Secre- 
tion of the Pancreas, ibid. 48:859, 1928. 

4. Hartwell, J. A. ; Hoguet, J. P., and Beekman, F. : An Experimental Study 
of Intestinal Obstruction, Arch. Int. Med. 13:701 (May) 1914. Hartwell. J. A., 
and Hoguet, J. P. : Experimental Intestinal Obstruction in Dogs with Especial 
Reference to the Cause of Death and the Treatment bj' Large Amounts of Normal 
Saline Solution. J. A. M. A. 59:82 (July 13) 1912. 
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'i lir of smlitim flilmido .■■nhitinii coinpcMisaled for lliis 

J, Tin- of pniVMimus matciial from tlic intestinal wall 

when the n\ne>».;i was <h\ttia^e(h This faetov was not i\hhte\we(l hv tlie 
salini-. 

Studies of the eheinieal composition of the lilood of animals with 
]>\!oiie ohstiatetion were lirst carried out hy MaeCalliim and liis 
co-workers. • 'I'hey ohserved a fall in the hlood chlorides and an 
increase in the alkali reserve which they ascribed to loss of gastric 
juice from vomiting, lly trc.-iting these animals witli sodium chloride 
solution, the marked changes in the chemical composition of the blood 
were prevented and life was prolonged. 'I'liese oitservations were con- 
tirmed by Hastings. Murray and Murray.'' 

1 laden :md Orr ' oltserved a fall in tlie blood chlorides associated 
with a rise in the carbon dioxide and nonprotein nitrogen in animals 
with high intestinal obstruction. This ebange in tbe chemical compo- 
sition of tbe blood was prevented and life ])rolonged from three to four 
weeks by the administration of sodium chloride solution subcutaneously.® 
Death resulted even more rapidly in animals witli obstruction that were 
given injections of distilled water tban in tbose that were untreated.” 
They also f(\und that other salts did not produce the same results as 
sodium chloride."’ 'I'liey concluded that tlic chloride in the blood was 
bound by tbe •‘toxin" and that the administration of sodium chloride 
acted :vs a netttralizer for the “toxin." This view, however, they have 
since altered and now recognize the “chemical’’ factors in death from 
obstruction.” 

^Vhcn a considerable part of the digestive secretions are short- 
circuited below the point of obstruction, animals will live a month. 

5. !MacCalliini, W. G. ; Lentz, J. ; Vcnnilyc, H. N. ; Leggett, T. H., and Boas, 
E. J.: The Effect of Pyloric Obstruction in Relation to Gastric Tetany, Bull. 
Johns Hopkins Hosp. 31:1, 1920. 

6. Hastings, A. B.; Murray, C. D., and Murray, H. A.: Certain Chemical 
Changes in the Blood After Pyloric Obstruction in Dogs, J. Biol. Chem. 16:223, 
1921. 

7. Haden, R. L., and Orr, T. G. : Cbemical Changes in the Blood of the Dog 
.‘\fter Intestinal Obstruction, J. Exper. Med. 37:365, 1923. 

8. Haden, R. L., and Orr, T. G. : The Effect of Sodium Chloride on the 
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One of us (Dr. Jenkins kept an animal alive thirlj'-tliree clays by 
simply short-circuiting the biliary, pancreatic and duodenal secretions 
beyond the point of a high obstruction. When the same procedure 
was done on animals with a low obstruction, the average length of life 
was ten days, although one animal lived twenty days.’"' When ani- 
mals with a high obstruction on which the same short-circuiting pro- 
cedure was carried out were given milk and cream along with some 
sodium chloride through a jejunostomy opening below the obstruction, 
life was prolonged to thirty-seven days.’’ Pearse kept animals alive 
a month by short-circuiting the biliary, pancreatic and duodenal secre- 
tions and part of the gastric juice below the obstruction, and in addi- 
tion he introduced milk and cream with some sodium chloride into the 
distal bowel through a gastrostomy tube in the pyloric part of the stom- 
ach. Apparentl}’’, there was enough gastric juice resorbed in the 
obstructed segment or enough diverted below the obstruction, as in 
Pearse’s experiment, to prevent the usual rapidly fatal outcome of 
complete loss of gastric juice as in Dragstedt’s isolated pouches of the 
entire stomach or from pyloric obstruction." The maintenance of 
the blood chlorides at a normal level during the period of obstruction 
when sodium chloride was added to the feedings was apparently due 
to the replacement of sodium and chloride ions that had been lost in 
the A'omited gastric juice. These short-circuiting experiments are not 
convincing evidence in themselves that the loss of digestive secretions 
is an important factor in high obstruction ; however, the results may be 
explained on that basis and warrant mention as such. 

In support of the theorj'^ there is further evidence in the obser- 
vations of the changes in the chemical composition of the blood and 
rapid death of animals that suft’er from loss of digestive secretions 
from high intestinal, pancreatic or gastric fistulas. Walters, Kilgore 
and Bollman found that in duodenal fistulas the changes in the 
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clu iiiiiMl (if llir l»Ii)()(l were im incrcnsiiif; alUalosis, dccrcas- 

iiii: cniucntratini) nf cldoridrs and a jjniLjri'ssivc rise in blood urea, 
and ibal dcalli cieenired in from three to four days. Life was ]>ro- 
Inneed fur more than three weeks, and tiie eluins'es in the chemical 
eomj’ositiou of the blood were ]>revented by the daily admini.stration 
of from 5(X) to 700 ee. of 1 jier cent sodium chloride solution intra- 
venously. d'he administration of concentrated sodium chloride solution 
maintained the blood chlorides at a normal level hut did not delay 
de.ath. l>e.\trose solution (5 per cent) or sodium sulijhatc did not 
prolon;.; life or jirevent the chani^es in the chemical composition of the 
blood. The authors ])oiuted out the similaritj' between duodenal lis- 
tiila and hiijh intestinal stasis, and were led to the conclusion that fluid 
balance played some part in the “to.xemia” accompanying duodenal 
fistula. 

Morton and Pearse found tliat animals with a high obstruction 
or a high intestinal fistula at the .same level died at appro.ximately the 
same time aiul showed corresponding changes in the chemical com- 
jHisition of the blood. 'J'hey felt that death was due to the same 
mechanism in both instances, i. c., loss of digestive secretions. Elman 
and Ilartmann also found that animals with a high intestinal fistula 
behaved practically the same as animals with obstruction at the same 
level (the lower end of the duodenum) as far as changes in the chem- 
ical composition of the blood and time of death were concerned. The 
changes in the chemical composition of the blood were prevented and 
life was jirolonged by the injection of saline solutions in both instances. 
The mechanism of death was explained on the basis of “chemical 
changes in the body fluids resulting primarily from loss of gastro- 
intestinal secretions, and secondarily from circulatory and renal insuf- 
ficienev due to dehydration.” They further stated that death in low 
obstruction was not due to such changes because the chemical compo- 
sition of the blood was not markedly altered and saline did not appear 
to influence the length of life; also gangrene or necrosis of the bowel 
was not necessarily responsible for the lethal outcome. 

Elman and McCaughan found that the total loss of the external 
secretion of the pancreas was fatal in about a week. Elman and Hart- 
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20. Elman. R., and McCaughan, J. M. : On the Collection of the Entire Exter- 
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the Total Loss of Pancreatic Juice, J. Exper. Med. 45:561, 1927. 
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mann studied the chemical composition of the blood of animals with 
complete pancreatic fistulas and found a fall in chlorides and in the 
carbon dioxide. In animals that vomited considerahlv there was an 
alkalosis instead of an acidosis. These chanijes in the chemical compo- 
sition of the blood were prevented by the administration of Ringer's 
solution, and life was prolonged. They felt that death was due to simple 
chemical changes brought about In* a marked loss of base bicarbonate 
and a resulting uncompensated acidosis, and that dehi'dration was also a 
factor. Dragstedt and his co-workers"- observed the same changes 
in the chemical composition of the blood in their experiments on pan- 
creatic fistulas; they prolonged life by the administration of Ringers 
solution. Dragstedt and Ellis found that the complete loss of gas- 
tric juice from isolated pouches of the stomach was rapidly fatal and 
was associated with a marked fall in blood chlorides and alkalosis. 
The chemical composition of the blood remained normal and the life of 
the animals was prolonged over two months by tbe daily administration 
of Ringer s solution. Dragstedt,-" following the observations on the 
rapidly fatal effect of the total loss of gastric or pancreatic juice, 
emphasized that the important factor in death from high intestinal 
obstruction was the result of failure of reabsorption of gastric and 
pancreatic juice because of their loss through vomiting. 

The most convincing evidence is found in experiments in which 
material was introduced into the bowel through a jejunostomy open- 
ing below the obstruction. White and Fender introduced the ani- 
mal s vomitus along with water and dextrose into the bowel below 
the obstruction through a jejunostomy tube. Their animal lived a 
month. Matsukura injected sodium chloride and water into a 
jejunostom)’’ opening below the obstruction, and the animal lived thirty- 
three days. Armour and his co-workers administered sodium chlo- 
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ride, dextrose, peptone, water and otiier .snljslanccs into a jejunostoniy 
oi)ening below tlie obstruction. One of their animals lived fifty days. 
'I'liey stressed the point thtit the withdrawal of sodium chloride from 
the feeding.s durinj; the obstrncled period would cause death in a few 
days, with the usual changes in the blood chemistry of untreated 
obstrnction. wliereas when tlie animal was getting sodium chloride, the 
chemical composition of the blood remained normal. One animal was 
killed on the forty-fifth day by witlidrawing the sodium chloride two 
days previously, and another had the .sodium chloride withdrawn on 
the forty-fifth day until the changes in tlie blood chemistry were marked 
and the animars condition was obviously critical, when salt was again 
administered on the fort}'-seventh day. The condition of the animal 
im])roved. and the figures for the chemical composition of the blood 
returned to normal. This animal had the continuity of the bowel 
reestablished on the fiftieth day, and from then on improved rapidly. 
It is probable that the animal would have lived considerably longer 
than fifty days with the obstruction if the continuity of the bowel bad 
not been reestablished at that time. The work of Armour and his 
associates was published shortly after the preliminary re])ort of this 
experiment, in which an animal was kept alive for fifty-two days by 
the daily administration of about a liter of 1 per cent sodium chloride 
and 5 per cent dextrose solution into the bowel below the obstruction. 
Since this report we have kept an animal alive for seventy days by 
adding peptonized milk to the salt and dextrose feedings. 

EXPERIMENTATION 

Tcchnlc . — The clogs, after being received from the pound, were kept for from 
two to three weeks in isolation to eliminate distemper. The operations were done 
under morphine-ether anesthesia. A small left rectus incision was made and the 
jejunum just beyond the ligament of Treitz delivered. The jejunum was sectioned 
at varying distances from the ligament of Treitz in the different animals by clamp- 
ing, ligating, cutting and invaginating the stumps with a linen purse-string suture. 
The distal stump was always brought to the outside through a stab wound in the 
right rectus and sutured to the skin (fig. I). The stump brought to the outside 
was usually opened at operation after the incision was closed, but in some animals 
it was not opened until the following day. As soon as the stump was opened, the 
animal was given from 1,000 to 1,350 cc. of 1 per cent sodium chloride and from 
5 to 7 per cent dextrose daily, administered from eight to ten times a d.ay at from 
an hour and a half to two hour intervals. Occasionally 2 per cent sodium chloride 
was used for the first few days after operation. When dextrose was given in con- 
centrations greater than 7 per cent, a watery diarrhea usually developed. The 
weights were taken daily. Determinations of the chemic.al comi)osition of the blood 
were made every week or ten days. -A. control series was obstructed in the .same 

27 Tenkins. H. P.: Prolonging Life in High Obstruction by .Admini-tralinn 
of Salt Solution Below Point of Obstruction. Proc. Soc. Exper. Biol. & Med. 28: 
111, 1930. 
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manner and treated by giving tliem about a liter of distilled water daily through 
the jejunostomy opening. 

Concerning the chemical composition of the blood, the carbon dioxide capacity 
or combining power of the plasma was determined in volume per hundred cubic 
centimeters by the van Slyke method. The total whole blood chlorides were 



Fig. 1. — Diagram of the operative procedure. 



Fig. 2 (dog 660). — Curves of the weight and the figures for the chemical com- 
position of the blood. 

estimated as sodium chloride by Whitehorn’s modification of Volhard’s method. 
The determinations of nonprotein nitrogen were made by Koch and IMcMeekin’s 
method. 

Protocols . — Scries I: Treated with Saline and Nutritive Material Introduced 
into the Jejunostomy Opening. 
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Dor 6f)0 : The ohslniclion was made 23 cm. from the pylorus. During the first 
four days a liter of 1 per cent sodium chloride and 6 per cent dextrose was given 
throiigh the jejunostomy opening in from eight to nine feedings. From the fifth 
day on the animal was given approximately 500 cc. of sodium chloride mixture and 
500 cc. of peptonized milk. (This was made hy adding 1 tube of Fairchild and 
Foster's peptonizing substance to a pint of milk.) The relative amounts of the salt- 
dextrose solution and peptonized milk varied occasionally. The animal vomited on 
thirty-one of the seventy days. The amount of vomitus was not measured because 



Fig. 3 (dog 660). — Specimen from the dog, which lived seventy days. The 
obstructed bowel measured 23 cm. 

it was mixed with the urine in the cage. Small formed stools were passed two or 
three times a week. The weight gradually declined from 12 Kg. before operation 
to 6.6 Kg. on the seventieth day. This was a loss of 0.0771 Kg., or 0.642 per cent, 
per day. Studies of the chemical composition of the blood (fig. 2) showed rela- 
tively little change during the period of obstruction. The chlorides showed a slight 
rise from 450 to 495 mg. The nonprotcin nitrogen dropped from 31 to 19 mg., and 
the carhondioxide fluctuated from 52 to 59 mg. The animal showed signs of weak- 
ness during the last week which progressed rapidly until the seventieth day, when 
it was killed while practically moribund. At autopsy a small patch of bronchopneu- 
monia u-as found. There ivas no other c.xplanation for the impending death other 
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than the emaciation from the long-slancliiiK obstruction. Tlie 23 cm. of ol)structc(l 
bowel and the stomach were moderately dilated (fig. 3). 

Dog 533; The obstruction was made at a point 95 cm. from the pylorus. It 
was given 700 cc. of 1 per cent sodium chloride during the first sixteen days. 
From the seventeenth day on it received 1,000 cc. of 1 per cent sodium chloride and 
5 per cent dextrose daily. The feedings were given in 100 cc. amounts at from one 
and a half to two hour intervals. Vomiting occurred on the average of every other 
day. Occasionally a slight diarrhea was noticed when the dextrose was poorly 
tolerated. From the eleventh to the thirteenth day the animal received 200 cc. of 
milk by mouth daily. On the twenty-eighth and thirty-first days, 300 cc. of milk 
was also given by mouth. On the fifty-first day, gastric analysis showed no free 
acid and a combined acid of 27 points. The weight gradually declined from 



Fig. 4 (dog 533). — Curves of the weight and the figures for the chemical com- 
position of the blood. 

14.2 Kg. before operation to 6.4 Kg. on the fifty-second day. This was an average 
loss of 0.15 Kg., or 1.05 per cent daily of the original body weight. Analyses of 
the chemical composition of the blood (fig. 4) showed a very slight rise in 
chlorides during the first thirty-nine days, from 472 to 520 mg. On the forty-sixth 
day. the chlorides went up somewhat higher, to 565 mg., and on the day of death 
(fifty-second day) the reading was 840 mg. The carbon dioxide fluctuated only 
slightly from the preoperative determination of from 55 to 53 mg. on the forty-sixth 
clay. The nonprotein nitrogen was originally 40 mg., but after a slight rise to 
47 mg. at the end of the first week it dropped to 23 mg. at the end of the second 
week. It then fluctuated slightly until the fifty-second daj% when it was 53 mg. 
The behavior of the animal was apparently practically normal until a few days 
before death, when it appeared to be quite weak. Death occurred on the fiftc'-second 
day. .Xt autopsy there was no demonstrable cause of death other than the long- 
>tanding cilistruction and the severe emaciation from starvation. There was prac- 
tically no adipose tissue in the subcutaneous, omental, mesenteric or perirenal 
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rcu'""s. The hlinxl covml taken al time of death showed a hemoglobin of from 
75 to HO iH'r cent, a red count of 3,050,001) and a wliite count of 6,400. The urine 
showed .some albumin along with a few red cells and pus cells. The obstructed 
portion of the bowel measured 95 cm. from the pylorus, and was distended to a 
diameter of 5.5 em. in the distal 30 cm. (fig. 5). The wall was enormously hyper- 
trophied in the distal 15 cm. In tlie proximal part in the region of the duodenum 
the diameter varied from 1.7 to 2 cm. The stomach was not distended. The bowel 
from tile jejunostoniy opening to the cecum measured 80 cm. in length and varied 
from 1.2 to 1.8 cm. in diameter. 



Fig. 5 (dog 533). — Specimen from the dog, which lived fifty-two days. The 
obstructed bowel measured 95 cm. 

Dog 575 ; The obstruction was produced 42 cm. from the pylorus. During the 
first four days the animal received daily an average of 1,350 cc. of 2 per cent 
sodium chloride. On the fifth day 7 per cent dextrose and 1 per cent sodium 
chloride solution were started, and approximately 1,200 cc. was given daily in from 
eight to ten feedings. Vomiting occurred on at least twenty-two of the thirty-eight 
days of the period of obstruction. On five occasions a small stool was passed 
The weight gradually declined from 17.4 to 10 Kg. on the thirty-eighth day. when 
the animal died. This was an average daily loss of 0.19 Kg., or 1.12 per cent. 
The chemical composition of the blood showed relatively little change during the 
obstruction (fig. 6). The blood chlorides were 553 mg. before operation and flue- 
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tiiatcil slightly up to the thirty-sixth .day, wlicn they were 546 mg. The carbon 
dioxide .‘■tarted at 56 mg. and rose to 69 mg. on the twenty-first day, but came 
down to (lO mg. on the thirty-sixth daj'. Tlie nonprotcin nitrogen started at 
26 mg. and ended at 27 mg. on tlie tliirty-sixtli day. The general condition of the 
animal was good until tlie thirty-sixth day, when weakness was noticed which became 
progressively worse mitil death occurred on the thirty-eighth day. Autopsy revealed 
a definite hronchoi)ncumonia that was sufficiently extensive to explain completely 
tlie immediate cause of dcatli. Tiic stomach and 42 cm. of obstructed bowel were 
distended (fig. 7). The most marked distention of the bowel was just above the 
ohstruction, where the diameter measured 4 cm. There were 205 cm. of small 
bowel lietween the jejunostomy and cecum, whicii was collapsed. 



Fig. 8 (dog 664). — Curves of the weight and the figures for the chemical com- 
position of the blood. 

Dog 664 : In this animal the obstruction was made 50 cm. from the pylorus. 
.\bout 800 or 1,000 cc. of 1 per cent sodium chloride and 7 per cent dc.xtrose solu- 
tion was given in from seven to eight feedings dailj' except for the first two days, 
when only 2 per cent sodium chloride was used. Vomiting occurred on at least fifteen 
of the twenty-nine days. The weight declined from 22.6 to 17.8 Kg. Tliis was an 
average loss of 0.165 Kg. per day, or 0.72 per cent of the original body weight daily. 
Chemical analysis of the blood showed a change in chlorides from 501 mg. before 
operation to 471 mg. on the twenty-ninth da}"^ (fig. 8). The carbon dioxide started 
at 55 mg. and stayed at from 58 to 60 mg. until the twenty-third day, and then fell 
to 35 mg. on the day of death. The blood was taken for chemical determinations 
two hours before death. The nonprotcin nitrogen showed only a slight rise from 
23 to 28 mg. The general behavior of the animal was excellent until the twenty- 
eighth day when it appeared rather weak. On the twenty-ninth day there was a 
marked change ; the animal was spastic and had several convulsions. The animal 
was unable to stand up, and when molested was seized with convulsions during one 
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of which it died. At autopsj- tlicrc was no dcnionstraI)le explanation for the cause 
of death other than the presence of the obstruction. Tlie animal sliowed little evi- 
dence of emaciation as the adipose tissue of the omentum and mesentery was well 
preserved. There was moderate dilatation of the stomach and 50 cm. of 
obstructed bowel (fig. 9). The bowel from tbe jejimostomy to tbe cecum mea- 
sured 150 cm. 

Dog 99 : The obstruction was produced 75 cm. from the pylorus. This animal 
was given 1,000 ce. of 2 per cent sodium chloride in six feedings daily for the first 



Fig. 9 (dog 664). — Specimen from the dog, which lived twenty-nine days. The 
obstruction was 50 cm. from the pylorus. 

three days. After this 1 per cent sodium chloride and 5 per cent dextrose were 
used, and the feedings were given nine times a daj’. The weight gradually fell 
from 10 to 6.3 Kg. on the twenty-sixth day, when the animal died. This was an 
average daily loss of 0.127 Kg., or 1.27 per cent. The blood chlorides, which were 
originally a20 mg., showed relatively little change during the first two weeks . 
however, on the twenty-sixth day, the reading was 819 mg. (fig. 10). The carbon 
dio.\ide fluctuated slightly from 62 mg. before operation to 59 mg. on the twenty- 
fifth day. The nonprotein nitrogen rose from 25 to 34 mg. on the last day. Vomit- 
ing wa.s noticed on at least fourteen days. The animal showed very little 
premonitory sign of death, .-\utopsy revealed a leak in the obstructed bowel at the 
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site of the iiivaRinatcd stump which had produced a generalized peritonitis. The 
obstructed bowel was only in|^dcratcly distended just above the obstruction. 

Dog 16S; In this animal the obstruction was made 60 em. from the pylorus. It 
was given 1,100 cc. of 2 ])cr cent sodium chloride through the jejunostomy opening 
during the first two days, and thereafter the same amount of 1 per cent sodium 
chloride and 7 per cent dextrose in from eight to nine feedings daily. The weight 
declined from 20 to 16.2 Kg. on the twenty-fifth day, when the animal died. For 
two days previous to death the animal appeared to be definitely spastic. Clinical 
analysis of the blood showed relatively little change. The chlorides were 482 mg. 
before operation, and 539 mg. on the twent.v-fifth da 3 \ The carbon dioxide was 
57 mg. before operation and 53 mg. on the last daj'. The nonprotein nitrogen 



Fig. 10 (dog 99). — Curves of the weight and the figures for the chemical com- 
position of the blood. 

changed only from 25 to 27 mg. The last blood was drawn for chemical determina- 
tions ten hours before death. Autopsy revealed moderate distention of the 
obstructed bowel, especially at the distal end. The stomach was not especially 
distended. There was a patch of bronchopneumonia in the lower lobe of the right 
lung, which was relatively small. There was some question as to whether this 
was adequate to explain completch' the cause of death. 

Dog 170: The obstruction was produced 55 cm. from the pj-lorus. About 
1,200 cc. of 1 per cent sodium chloride and 6 per cent dc.xtrose was given daily in 
nine feedings. The weight declined from 16.5 to 12.4 Kg. on the twenty-first day. 
when the animal died. The chemical composition of the blood was determined only 
up to the fifteenth day. The blood chlorides were 620 mg. before operation, and, after 
a sharp rise to 826 mg. on the eighth day. fell to 678 mg. on the fifteenth day. Tiic 
carbon dio.xide chatigcd from 61 to 54 mg. and the nonprotein nitrogen rose from 25 
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to 30 mg. at the end of two weeks. Autopsj’ showed a marked bronchopneumonia 
and moderate distention of the obstructed bowel. 

Dog. 5 ; The obstruction was produced 30 cm. from the i)ylorus. About 900 cc. of 
1 per cent sodium chloride and 5 per cent dextrose was given dailj' in nine feedings. 
The weight declined from 7.S Kg. before operation to 5.3 Kg. on the seventeenth 
day, when the animal died. The blood chemistry taken up to the fourteenth day 
showed no marked changes. The chlorides rose from 502 to 614 mg. ; the carbon 
dioxide changed from 45 to 48 mg., and the nonprotein nitrogen dropped from 30 
to 19 mg. Autopsy showed a rather extensive localized peritonitis about the end 


Table 1. — Length of Life and Autopsy Observations in Series of Thirty-Eight Dogs 
zvith High Obstruction Treated by Saline Administered into the 
Jejunostomy Belozv the Obstruction 


Dog 

Length of Li 

660 

70 

533 

52 

575 

38 

664 

29 

99 

20 

16S 

25 

170 

21 

5 

17 

721 

15 

Sll 

13 

655 

11 

577 

8 

058 

8 

S93 

S 

894 

S 

733 

7 

S3 

0 

173 

6 

491 

o 

661 

5 

923 

5 

0 

4 

322 

4 

325 

4 

534 

4 

660 

4 

327 

3 

425 

3 

428 

3 

490 

3 

810 

3 

91S 

3 

222 

2 

225 

2 

326 

2 

732 

2 

920 

2 

921 

2 


Autopsy Observations 

Small patch of bronchopneumonia ond emaciation 

Emaciation 

Bronchopneumon i a 

No flndines (unexplained convulsions) 

Generalized peritonitis from leak at obstructed stump 
Small patch of bronchopneumonia 
Bronchopneumonia 

Localized peritonitis about obstructed stump 

Bronchopneumonia (following resuture of wound) 

Bronchopneumonia 

Small patch of bronchopneumonia 

Generalized peritonitis from perforation of bowel 

Bronchopneumonia (following resuture of wound) 

Generalized peritonitis 

Bronchopneumonia 

Generalized peritonitis and bronchopneumonia 

Bronchopneumonia 

Distemper and bronchopneumonia 

Pulled 3e)unostomy stump out 

Bronchopneumonia 

Pulled jejunostomy stump out 

Pulled jejunostomy stump out 

Distemper (electrocuted) 

Bronchopneumoni a 

Pulled jejunostomy stump out 

Generalized peritonitis from perforation of bowel 

Pulled jejunostomy stump out (electrocuted) 

No findings . 

No abdominal or chest findings, some edema of brain 

Generalized peritonitis 

Pulled jejunostomy stump out 

Generalized peritonitis 

Bronchopneumonia 

Pulled jejunostomy stump out 

Bronchopneumoni a 

Generalized peritonitis 

Bronchopneumonia 

Localized peritonitis and gangrene of jejunostomy loop 


of the obstructed stump of the jejunum. There was no definite evidence of a 
generalized peritonitis. 

In addition to the eight animals the protocols of which are given, in thirty other 
dogs obstructions were produced in the upper jejunum and the animals were treated 
with sodium chloride and dextrose solution, which was injected into the bowel 
below the obstruction (table 1). The length of life of the thirty animals not 
included in the protocol was considerably shortened. One dog died on the fifteenth 
day, another on the thirteenth and still another on the eleventh. Four died on the 
eighth day. 1 on the seventh, and two on the si.xth. Three died on the fifth day 
and five on the fourth. Six animals died on the third day, and another six on 
the second day. In this series of thirty animals the autopsy observations were pul- 
monary infection, thirteen; peritoneal infection, seven; pulling out of jejunostomy 


JiimaNS-BESUnCK—nXl’ERIMENT.-IL ILEUS 


423 


stump and evisceration, seven; pulmonary and peritoneal infection, one. In two 
tlie oliservntions were not adequate to e.vplain death, and in one, listed under pul- 
monary infection, the patch of bronchopneumonia was relatively small and did not 
appear sufi'icicntly extensive completely to explain death. 

Scries II: Treated with Distilled Water Introduced into the Jejunostomy 
Opening (control). 

In a scries of four animals an obstruction was produced in the upper jejunum 
in the same manner as in the previous series. The dogs were given approximately 
1,000 cc. of distilled water daily through the jejunostomy opening in from eight to 
nine feedings. Nothing was given by mouth. The dogs lived five, si.x, eight and 
eleven days. The changes in the chemical composition of the blood were rather 
slight in the animals that lived five and six da 3 's; however, marked changes were 
observed in the two that lived eight and eleven days (table 2). The most notice- 
able change was seen in dog 190, in which the blood chlorides fell to 212 mg., the 

T.\ble 2. — The IVcight, Chemical Composition of the Blood, Time of Death and 
Length of Obstructed Bowel in Water Control Series 


Chemlcol Composition of the Blood 

- - * - - - 





Distance of 



Carbon 

Nonprotein 




Obstruction 


Chloride, 

Dioxide, 

Nitrosen, 


Lived 

Wcislit 

From Pylorus 

Day 

Mb. 

Mg. 

Mg. 

Doe <0 

C days 

21 Kb. 

50 cm. 

0 

J.lO 

J7 

32 




3 

41D 

49 

45 

Dob ISO 

C days 

17 Kb. 

4j cm. 

0 

40o 

■to 

23 




3 

4C5 

63 

23 





5 

JIO 

67 

28 

Dog 657 

S days 

13 Kb. 

Jo cm. 

0 

52S 

54 

33 




2 

495 

4S 

23 





a 

J07 

C4 

81 





7 

317 

71 

92 





s 

2SS 

52 

133 

Dog 190 

U days 

Ifi Kg. 

45 cm. 

0 

447 

60 

33 


$ 

SSi 

67 

3S 





5 

341 

70 

37 





7 

291 

79 

51 





9 

940 

60 

SO 





10 

232 

S4 

ns 

carbon dio.xide 

rose to S4 mg., 

and the nonprotein nitrogen rose to IIS 

mg. At 


autopsy there were no demonstrable observations other than the obstruction to 


e.xplain death. 

COMMENT 

The marked prolongation of life in high obstruction that was 
obtained in this experiment with relatively slight changes in the chem- 
ical composition of the blood was apparently due primarily to the 
replacement, in the form of sodium chloride solution, of the water and 
important blood electrolytes, fixed base (chiefly sodium) and chloride 
ions, which were lost in the vomited digestive secretions ; secondarily to 
the addition of nutritive material which helped to ward off .starvation ; 
dextrose, plus peptonized milk in one instance. Tlie blood chlorides 
remained at a normal level in all the obstructed animals except tliree 
(dogs 533. 99 and 170). in which there was a marlced rise. In 
the experiments of Gatcli. Trusler and .\yres ^ several inst.anccs of 
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a rise in blood clilorides were observed when the animals in which 
obstructions were produced were treated by sodium chloride solution 
subcutaneously or intravenously. One animal with a low ileal obstruc- 
tion, which received 1.8 per cent sodium chloride subcutaneously in 
from 1,000 to 2,000 cc. amounts daily and died on the twenty-first day, 
had a terminal blood (sodium) chloride of 830 mg. Another animal 
with a duodenal obstruction, which received 30 cc. of 33 per cent 
sodium chloride solution intravenously daily, died on the third day 
with a blood (sodium) chloride of 724 mg. Denis and Sisson"'’ were 
able to produce a rise of 18 per cent in the blood chlorides of goats 
after the ingestion of large amounts of sodium chloride by mouth. It 
is possible that the high blood chlorides that were observed in three 
instances in this experiment were due to the administration of more 
sodium chloride than was actually needed by the animal to replace the 
lost electrolytes. 

The replacement of water without the blood electrolytes does not 
delay the usual rapid death or prevent entirely the characteristic chem- 
ical changes of the blood in high obstruction. The dogs in the water 
control series died in five, six, eight and eleven days, and marked 
changes were observed in the blood chemistry of the two that sur- 
vived the longest. In the experiments of Saito, Sakai and Suzuki 
an animal with an obstruction of the duodenum was treated by instill- 
ing 1,000 cc. of water daily into the bowel below the obstruction. This 
animal lived two days and showed a fall in the blood chlorides from 
517 to 337 mg., and a rise in nonprotein nitrogen from 40 to 250 mg. 
Matsukura also had an animal that lived two days after the same 
procedure. In this instance the blood chlorides fell from 516 to 292 
mg. Haden and Orr found that distilled water injected subcutane- 
ously into animals with an obstruction caused death even more rapidly 
than it occurred in untreated animals. Gatch, Trusler and Ayres ^ 
observed this also, but further found that animals without obstruction 
also died following the injection of distilled water. 

Gatch, Trusler and Ayres ^ found that the intravenous injection of 
concentrated sodium chloride solution prevented a marked fall in the 
blood chlorides in obstruction but did not appreciably delay death. 
Haden and Orr also found that concentrated sodium chloride solution 
restored the blood chlorides to normal, but they felt that it had a defi- 
nitely beneficial effect in the recovery of animals in which obstruction 
had been produced when the obstruction was subsequently relieved by 
a second operation. Nevertheless, they did not report any instances 

2S. Denis, \V.. and Sisson, W. R. : A Study of the Chlorine Content of Milk 
and Blood .^.ftcr Ingestion of Sodium Chloride, J. Biol. Chem. 46:483, 1921. 

29. Saito, S. ; Sakai, K., and Suzuki, S, : Further Studies on Acute Inte.stinal 
Ob>truction, Jap. J. M. Sc. fTr. Surg. Orth. & Odont.) 1:43, 1927. 
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of marked prolongation of life by injections of concentrated salt solu- 
tion as they did with injections of diluted solutions. Haden and Orr 
further demonstrated that the injection of other chloride salts, such as 
ammonium, potassium, calcium or magnesium chloride, did not prevent 
the usual fall in blood chlorides or dcla}' the fatal outcome. Neither 
did numerous other salts, such as iodides, sodium bromide, sodium 
suljdiate, magnesium sulphate, sodium citrate, monosodium phosphate 
and disodium phosphate, have any beneficial effect in preventing the 
chemical changes in the blood or in dela)'ing death. 

It appears that there are two important primaiy factors necessary 
to prolong life in high obstruction: replacement of water and replace- 
ment of the blood elcctrol 3 ’tes b}' sodium chloride salt. The replace- 
ment of one without the other appears to have relatively little value, 
because the dehydration that occurs in obstruction is due not onl}' to 
the loss of water, but also to the loss of the blood electrolytes that 
the body needs to hold water, even if it is replaced. 

In regard to the effect of dextrose, it appears that its value is only 
nutritive. Haden and Orr ® found that there was no demonstrable 
beneficial effect in preventing the changes in the chemical composition 
of the blood or in delaying death from the administration of dextrose 
solution subcutaneously to an animal with an obstruction. Saito, 
Sakai and Suzuki introduced 1,000 cc. of 5 per cent dextrose daily 
into the bowel below the point of a duodenal obstruction. Their ani- 
mal lived six and one-half da 3 'S and showed a fall in the blood chlo- 
rides from 495 to 238 mg. and a rise in nonprotein nitrogen from 
20 to 40 mg. In the experiments of Matsukura,-° a similarly obstructed 
and treated animal lived four da 3 'S and showed a fall in blood chlorides 
from 495 to 305 mg. It appears that dextrose solution may replace 
water, but this without the blood electrol 3 'tes is valueless and the dex- 
trose itself has no beneficial effect except as a nutritive agent. The 50 
to 70 Gm. of dextrose given to the animals dail 3 ’' in this experiment 
offers from 200 to 280 calories a day that would not otherwise be 
available. In the instance of the animal given peptonized milk, this 
added calories to the diet and helped the state of nutrition bv its pro- 
tein content, although it was probabl 3 ' not all sufficiently split to permit 
complete absorption in the bowel. 

The loss of weight observed in the animals in this experiment varied 
considerabh'. The dail 3 f avei'age loss varied from 0.0771 to 0.195 Kg., 
and the daily loss calculated in ijercentage of the original body weight 
varied from 0.642 to l.SS per cent. In an e.xperiment by Kunde."" a 
series of three animals that were simply starved for from thirty-seven 

30. Kunde, M. : The After Effect of Proloncrcd F.TStinp on tlic 
Metabolic Rate, J. ^fetab. Research 3:399, 1923. 
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to lorl_v-onc (I;iy>, tiu- lo>s uf wi-i^lit 0.II7 K”.. or I/U per 

cent, per day. 1 lie eltect of the de.Miose \va^ app.'ireiitlv not very 
great and in .some instances valiiele.-s iti proveiiting lo-.-. of \veii;iit from 
the starvation of olistrnction. In tlie animal that .\rmour and his 
associates kept alive for fifty days, the lo>s of weight v/a'- 0.71 ja-r cent 
of the original body weiglit d.aily, which compare-- favorably with two 
of the animals in onr series (dogs 16.'' and 00}'). A more complete 
diet was used in .Armour’s e.xperimeiit than was used in an}' of our 
animals. In the dog that we kept frir seventy days, the loss of weight 
was the least. 0.071 Kg., or 0.642 per cent, rlaily. The inaNimnm bene- 
ficial effect of the nutritive material in onr e.xperimcnt and in .Armour s 
has been to prevent appro.ximatoly a third of the rlaily loss of weight 
that occurs from starvation alone. 

The death that ultimately re.sults was foniul to be definitely due to a. 
complication in most of the animals. This is not surprising when one 
considers that the resistance of the animals is probablv markedly lower 
to infections, especially pulmonary, as a result of the starvation alone, 
which is only partially combated by the administration of nutritive 
material in this experiment, which at best would not have been adequate 
to maintain a balanced state of nutrition. In one animal (dog 575) 
that lived twenty-nine days the explanation for the cause of death was 
obscure. There was no alteration in the blood chlorides or nonprotein 
nitrogen just before death ; however, there was marked acidosis. The 
premonitory symptoms were those of spasticity and convulsions. The 
anatomic observations revealed nothing to explain death satisfactorily. 
The general state of nutrition of the animal was apparently good, 
because the mesenteric and omental adipose tissue was well preseiwed. 
It is not easy to say whether the acidosis was responsible for the con- 
vulsions or was merely another evidence of a profound metabolic dis- 
order. Another animal (dog 169) behaved similarly toward the end, 
and a patch of bronchopneumonia was found at autops}’' which did not 
seem adequate completely to explain death because of its small size. 
The chemical composition of the blood was practicall}'^ the same on the 
day of death as before operation. Kunde 3° described marked mani- 
festations of the central nenmus system in one of three animals that 
were starved longer than a month. It is possible that death in the two 
animals^ in this experiment, which showed marked nervous manifes- 
tations just before, may have been due to a metabolic disorder of nutri- 
tion from deficiency in some organic or inorganic substance necessary 
for life. This may have been accidentally supplied to the other animals 
that lived longer, because most of the other animals occasionally had 
some food by mouth. After about a month oh an artificial diet of 
sodium chloride and dextrose, this factor may become important. lu 
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ilic vcrit’s D) tiiirt animals in A\-lncIi obstniclions were produced 
and llie animals treated witli saline and dextrose, there were two tliat 
died in three days without any demonstrahlc changes at autopsy 
('tiler tlian tlie presence of the ohstrnction which would adequately 
explain <leath. 'J'hese animals were ojicraled on during a very hot spell 
of weather. ;md it is jiossihle llial heat jirostration may have had some- 
thing to do with the early death. On the other hand, death ma}' have 
heen due to the obstruction even though the dogs were receiving sodium 
chloride the same as the other animals. This, of course, opens the 
<|ueslion as to whether or not there is a factor in death from high 
obstruction other than the loss of digestive secretions which under 
'-ome circumstances may hill the animal even if the constituents of the 
lost secretions are replaced. This factor may hai’c been responsible 
lor the death of other animals (dogs 575, 168, 655 and 5). One of 
ihcse (dog 5) died on the seventeenth day, showing only an area of 
localized j>eritonitis about the obstructed stump. The animal that lived 
lifty-two days (dog 533) showed a marked hyperchloremia on the day 
of death. There was no demonstrable complication found at autopsy, 
and the only explanation that can be offered other than the presence of 
the obstruction was profound emaciation from loss of over half its 
original bod)' weight. The animal that lived seventy days (dog 660) 
showed only a small patch of bronchopneumonia and marked emaciation 
from the long-standing obstruction with inadequate nutrition. 

The clinical application of the evidence that has been presented that 
an important factor in death from high obstruction is the loss of the 
digestive secretions depends to a large extent on the individual case. 
Uncomplicated high obstruction does not occur frequently. The more 
usual picture is that of an obstruction lower in the intestinal tract or 
complicated by some necrosis of the bowel from strangulation or dis- 
tention. Loss of digestive secretions occurs in varying degrees in the 
latter case, depending largely on the length of bowel above the obstruc- 
tion that would afford an absorbing surface for the secretions. In 
many cases of this t3'pe toxemia may be the more important faefor in 
causing death and may overshadow the role of the loss of digestive 
secretions, as suggested by Gatch and his co-workers.’^ The beneficial 
effect of the administration of saline probably depends on the degree 
to which the body has been depleted of fluid and blood electrolytes. 
This depletion is a much more outstanding feature in uncomplicated 
high obstruction than it is in low obstruction or occlusion with damage 
to the bowel. Hence the improvement following the administration of 
saline before surgical intervention would be expected to be in propor- 
tion to the importance of the factor of loss of digestive secretions. It 
is not likely that the saline appreciably influences the to.xemia, and if 
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this is of iin]iort:iiu'i' in tlio |i:iMiriil;ir its Iioii!tici.'!l ('ifcct in 

rcplacini; llic lost di^ostivo sorn-lions wmiM prolialily lio luaskcd to 
sonic extent. It aiipears to ns that the rational stand to fal:e in regard 
to saline therajiy is to aflvocale replaeenunt of ris mneh fluid and 
blood electrolytes as is reasonably possible before o[).- ration by large 
amounts of jdiysiologic solution of sodinin chloride or K'inger's s(jhiti()n 
given subcutaneously or intravenously when it appears that there has 
been a considerable loss of (ligestive secretions, h'urtherniore. any 
prolonged delay to permit e.xtensive preoperative saline thera[n’ does 
not seem juslifiable, jiarticnlarly because of the difhcnlty in fletermining 
the importance of the factor of to.xemia and especially in predicting 
whether the obstruction is complicated by necrosis of the bowel, which 
would be benefited only by early operation and not by tlie saline. If 
the clinician is reasonably sure that the outstanding factor in a case of 
uncomplicated high obstruction is loss of digestive secretions, then 
resort to a more prolonged and extensive .saline therapy before operation 
may be justified. 

SUMM.MtV 

When animals in which a high intestinal obstruction had been pro- 
duced were treated by giving them about a liter daily of 1 per cent 
sodium chloride and from 5 to 7 per cent de.xtrosc solution plus, in 
one instance, peptonized milk by a jejunostomy opening in the bowel 
below the obstruction, two survived fifty-two and seventy days, si.x 
others lived from seventeen to thirty-eight days, and thirty died between 
the second and fifteenth da}". The animals that survived for the long 
periods showed no evidence of any so-called “toxic” symptoms. Vomit- 
ing occurred about every other day. Watery stools were sometimes 
passed when the dextrose was poorly tolerated, and occasionally a small 
solid stool. The weight showed a gradual decline, varying from a 
daily loss of 0.0771 to 0.195 Kg., or from 0.642 to l.SS per cent of 
the original body weight. The total loss of weight was over half the 
original body weight for the animal that lived fifty-two days, and 
almost half for the animal that lived seventy days. Chemical studies 
of the blood showed that the chlorides remained at a normal level during 
the entire period of obstruction except in three instances, when the 
figures were much higher than normal. The carbon dioxide remained 
normal except in one instance, when it decreased on the day of death. 
The nonprotein nitrogen showed relatively little change, except an 
occasional slight rise. At autopsy the stomach and obstructed bowel 
were found to be moderately distended. There was a considerable 
thickening of the wall of the bowel just above the obstruction in animals 
that survived for long periods. The immediate cause of death was 
definitely due to a complication, either pulmonary or abdominal, in most 
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of tlic aninials. lii the two animals that survived fift 3 --t\vo and seventy 
da_\s. the nntstandin.i: feature was marked emaciation. In a series of 
four dntrs witli hitrh intestinal ohstniction, distilled water was admin- 
istered throuj,di the jejunnstomv <)])ening. These animals died in five, 
si,\, eight and eleven days, without aiw postmortem changes other 
than the ohsirnclion. Cliemical analysis of the blood of the two dogs 
tliat lived eight and eleven days showed tlie usual changes of untreated 
animals with ohstruclions. 

COXCLUStOXS 

1. In high intestinal obstruction an important factor in the cause of 
death is the loss of digestive secretions. This view is supported by 
observations in this e.xperinient in which some animals lived from 
fifty-two to seventy days with a high obstruction. The role of the 
sodium chloride solution, which was administered daily through a 
jejunostomy opening iielou' the obstruction, was to replace the water 
and important blood electrolytes, fixed base (chiefly sodium) and 
chloride ions, which arc ordinaril}' lost from failure of resorption and 
vomiting. 

2. In regard to obstruction low in the intestinal tract or compli- 
cated by necrosis of the bowel, the loss of digestive secretions may be 
a factor in the cause of death, but this is of varying importance, depend- 
ing on the length of bowel above the obstruction which would offer 
opjjortunit}' for some resorption of the secretions. It is in this group 
tha toxemia probabh’ plays the more important role, and in man opera- 
tive treatment should be resorted to immediately. 

3. The beneficial effect of the administration (subcutaneously or 
intravenously) of saline solutions clinically in cases of intestinal obstruc- 
tion appears to depend largely on the extent to which the body has 
suffered from the loss of digestive secretions from failure of resorp- 
tion and vomiting.’ When toxemia is a conspicuous factor, its benefit 
may be masked to some extent. 

ADDEND.\ 

Since submitting this article for publication, we have kept an animal 
with a high intestinal obstruction alive for eighty days. This dog also 
was treated by the injection of a saline and dextrose solution into the 
bowel below the obstruction, but in addition intestinal contents obtained 
from an animal with an intestinal fistula were given. Autopsy showed 
bronchopneumonia. 

Benedict. Stewart and Cutner"^ reported that they kept an animal 
with higli obstruction alive for fift,v-eight daj's by administering a liter 
or more of physiologic solution of sodium chloride daily in the bowel 
below the obstruction. 

31. Benedict. E. B. ; Stewart. C. P.. and Cutner, P. N. : The role of Bile in 
High Intestinal Obstruction, Svrg., Gynec. 5: Ob.st. 54:603 (.-^pril) 1932. 
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The ovaries of the female are concerned not only with the regen- 
erative functions of the animal, but also to no .small c.vtcnt with its 
metabolism in general. The influence exerted by the ovaries on the 
growth and repair of bone is incompletely understood, and little work 
has been done on this aspect of the problem. For this reason we 
decided to determine the effect of bilateral ovariectomy on the breaking 
strength of fractured and unfractured fibulae of rats. 

Marsiglia,^ estimating the process of calcification in fractured bones 
by means of roentgenograms, was unable to demonstrate that extirpa- 
tion of the ovaries influenced the formation of the callus. Reach ‘ 
found a slight reduction in the calcium oxide content of the skeleton 
of mice following the removal of the ovaries, and Korenchevsky ^ was 
unable to find any essential difference by chemical or histologic exami- 
nation in the skeletons of growing rats after ovariectomy. On the 
contrary, Poncet,^ Selheim,® Pirsche ® and Tschirvinsky " found that 
the growth of the epiph3^sis continued beyond the normal limits after 
castration. Selheim particularly demonstrated this effect in dogs. In 

From the Department of Surgery, Yale University School of Medicine. 

The expenses of this investigation were defrayed by Davis and Geek, Inc. 

1. Marsiglia, G. : Arch. ital. di chir. 5:197, 1922. 

2. Reach, F. : Biochem. Ztschr. 42:59, 1912. 

3. Korenchevsky, V. : J. Path. & Bact. 26:207, 1923. 

4. Poncet, A. : De I’influence de la castration sur le developpement du squelette, 
Compt. rend. Soc. de biol. 55:65, 1903. 

5. Selheim, H. ; Centralbl. f. Gynak. 77:203, 1899. 

6. Pirsche, E. : De I’influence de la castration sur le developpement du sque- 
lette, Recherches cliniques et experimentales. Thesis, Lyon, 1902, no. 77. 

7. Tschirvinsky, N. : Arch. f. mikr. Anat. 75:522, 1910. 



.i/,A 7 ;();r,v nr .ir.—ninT i\’ iij-.iung on nRAcruREs 431 


i'stc<'ni:ii:icia. otiitrnvfrs'V lias vxistml for :i long time as to the benefi- 
cial icsnlts of ovariectomy. Imhling." for one, .showed that the disease 
was marlcedly heneliled hy the removal of the ovaries, and Goldthwait 
and his associates." in an interesting case report, reported a positive 
c.alcinm balance in a patient with osteomalacia following ovariectomy. 
It is. however, not tvi he forgotten that the interdependency of the 
glands of internal secretion make it extremely difficult, if not at present 
inijiossihle. to atlrihnle particular <liseasc phenomena entirely to one 
gland. 

vuocKnr'UK 

Young fcnialc r.nts wcigliiiig from 150 to 190 Gm. were selected for study. 
.After tliey were on a st.nndard diet for one week, a bilateral ovariectomy was 
performed on half of the forty animals used in the c.vperimcnt. In all forty the 
right fihnla was fractured by the method described before, and the animals 
reuinicd to their c.agcs. On tlie tiiuth postoperative day five of the rats with 
ovariectomies, and five with fractured fibulae only, were killed. This procedure 
was repeated on the fifteenth, twenty-first, twenty-seventh and thirtieth postopera- 
tive d.ays. Their fractured right and unfractured left fibulae were then prepared as 
described elsewhere, and the breaking strengths determined. In addition, the 
relative body weights of the rats, the amounts of the ration they consumed and the 
rocntgenographic appearance of their calluses at different days of healing were 
determined. 

RESULTS 

To avoid confusion, those rats with bilateral oophorectomies, as 
well as fractured right fibulae, have been designated the ovariectomy 
fractured group, while those with only fractured right fibulae, and 
without ovariectomies, are called the ovariectomy control group. 

The Breaking Strengths of the Fibulae: For the Ovariectomy Frac- 
tured Group . — The breaking strength ratios, the details for the calcu- 
lation of which have been given in a former paper,” were used 
throughout this study. 

The fi-actured right fibulae in these animals had a ratio of 38 on 
the ninth day of healing. By the fifteenth day the ratio had risen 
slightly to 82, and on the twenty-first day it was 128. The highest 
point reached was gained on the twenty-seventh da}', when a ratio of 
207 was found. The ratio for the final and last observation on the 
thirtieth day was 143. 

8. Fehling, H. ; Arch. f. Gyniik. 34:171, 1891. 

9. Goldthwait, J.; Painter, C. ; Osgood, R., and AlcCrudden, F.; Am. J. 
Physiol. 14:389, 1905. 

10. Moise, T. S., and Smith, A. H. : J. Exper. Med. 40:13, 1924. 

11. McICeown, R. M. : Lindsay, M. K.; Harvey, S. C., and Howes, E. L.; The 
Breaking Strength of Healing Fractured Fibulae of Rats: 11. Observations on 
a Standard Diet, Arch. Surg. 24:458 (March) 1932. 
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J lu: lint r.'ict tired left lilntl.'u; Itei'.’ui nii the ninth d;iy with a ratio of 
165, which had increa?ed tt> 2-}} hy tlie riftecnth day, Init tliereafter 
tell on the twetity-iirst day to 16.1. The ratio oti the tUTiitv-.-evciUh 
day was 299. and on the thirtieth day 255. 

\\ hen the foi'e^oinif re.snlt.< were charted, it was .seen that the lical- 
ing sticni^th c)f the tractnred riylit fihnia ro.^e in :ilnio^t .a Mrait^ht line 
to the Iwenty-.seventh d;iy. In earlier e.Niperinicnt.s wo found that the 
sticngth of the callus incroa.sed to the fifteentli fl.ay, when the {iriinary 
callus was considered to have heen formcfl. and that from the fifteentli 
to the twenty-first day there was an ahnijit loss in the Iiealini; strength, 
\ihich was felt to he largely due to the ra|iid <IeveIopment of the 
nicdnllai}’ cavity at that time.’' W c tonnd no such jieak on the fifteenth 
da} in the rats with hilatcr.al oophorectomies, hnt dirl observe a peak 
on tlie twenty-seventh day. Nor did we note a secondarv drop in 
stiength in the callus between the fifteenth and twentv-first days as 


Table \.~Drcaki,icj force am! Ratio oj fractured and Unfractnred fibulae aj 

Ovariectomy fractured Grouf’ ' 


Postoporntivc Iinys 

Ratio for Unfractnred 
J.cft Klbnliie 

Ratio for i’ractured 
Klfrlit I'ibnlne 

9 


r.^ 

15 



21 


125 

27 


30 






* Refer to table la for complete data. 


w e had in former work. There was, howei-er, a drop in the strength 
of the fracture in the ovariectomized animals after the twenty-seventh 
day, which we do not believe to be of the same significance as the 
secondary drop normally occurring earlier (fig. 1). 

The stiength of the unfractured left fibulae in this group of ani- 
mals varied in a manner closel}’- resembling that found to characterize 
the left fibulae on other diets.^- Ordinarity -w^e have come to expect 
that the strength of the left fibula rises and falls when the strength 
of the right fibula rises and falls. As the strength of the fracture 
mcreases, at first the strength of the unfractured left fibula has also 
een found to grow greater. The right naturally increases more rap- 
1 y, but both lise simultaneously. When the right normally loses 
strength between the fifteenth and twenty-first days, the left likewise 
iminishes, but in this case at a more rapid rate than the right. How^- 
ever, here w e find the left showing independently the type of breaking 

Rr ^ K.; Harvey, S. C, and Lumsden, R. W.: 

breaking Strength of Healing Fractured Fibulae of Rats; HI. Observations on 
a High Fat Diet, Arch. Surg. 25:467 (Sept.) 193^ 
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stvoni;ili nn ve wi; liavo conic lo cxpccl, wiiiic llic right, on the con- 
trary. \v;is seen (o increase witlioul variation nnti! it reached tiie twenty- 
seventh <!,ay. ICvideiitly the removal of tlie ovaries has more effect on 
tile fraetnred tlian it does on tlic unfractured fihnla. 

}'or I hr O^'orirrlotny Coiilrol Grouj \ — TIic fractured right fibulae 
in tile control group had a breaking strength ratio on the ninth post- 
operative d.ay of 77. On the fifteenth day the ratio had risen to a 
]>cak'. such as was fotind elsewhere lo be one normally occurring at 
that time,” and had a ratio of 155. The ratio thereafter fell, as it 



Fig. 1. — The ovariectomized rats showed a characteristic breaking strength 
curve for the left fibula. Tlie right fibula was atypical, since the secondary drop 
in healing strength did not develop between the fifteenth and twenty-first days. 
The control rats with their ovaries intact showed a persistent reduction in the 
strength of their left fibula. That of the right fibula, however, rose and fell as 
we normally expect it to. Usually that of the left rises and falls simultaneously 
with the right. Consequently, we felt the metabolism of the control rats to be 
inadequate in maintaining the normal strength relationship between the two fibulae. 

theoretically should, to 119 on the twenty-first day. On the twenty- 
seventh day it rose once more to reach a ratio of 189. At the last 
observation the ratio was 136. 

The unfractured left fibulae in the controls began on the ninth day 
with a ratio of 333, which by the fifteenth day had fallen to 286. 
Thereafter it was found to be 309 on the twenty-first day, 278 on the 
twenty-seventh day and 239 on the thirtieth day (fig. 1). 
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The fracliired ri^hl filnilac in the; control grou|» .‘flowed a clo.-cr 
resenihlance to normal than ditl the fractured rir,dit hhiilae of the 
ovariectomized rat;-. This was cxi>cctcd. as the control rat- v.crc 
osleiisihly normal animals, ’i'he elifferenccs found iictwccn the frac- 
tured rit^hl lihulae of the control i;n>iip in thi> paper, atul the imrinal 
fractured rij,du fd)ulae as estal)lished in a fe)rmcr enntrihution."' He 
primarily in the hei.qhl of the ratio att:iin(;d. 'I'he character of the 
curves was the same for the two. hut the control rats difl not pos.-eis 
the strength of the normals. 

The unfractured left lihulae iji the control group did not reseinhlc 
the normal as much as did the left lihulae- of the ovariectomized rats. 
The changes in the fdiular strength of the control K-ft rd)ulae were not 
seen to take place simultatieously with rises and falls in tlie strength 
of its fractured right fihulac. On the contrary, the strcngtii of the 
unfractured left lihulae in the control group fell throughout the experi- 


Table 2. — B/'cakiufj I'orcc and Ratio of rrociured and Uttfrartiirrd lihulae or 

Ovariectomy Control Group * 


Postoperntivo Days 

9 


Ratio for Unfrnclurctl 
Left I'lt'Uliio 

Ratio for rrnctured 
RiKlit ribulno 

77 

15 


250 

35j 

21 


209 

119 

27 


27S 

1S9 

SO 


239 

ISO 


* Kefer to tntilo 2a for complete data. 


inent. '\^^e liave already noted that tlie strength of the left fibulae m 
those animals with their ovaries removed fluctuated in a characteristic 
manner, but the plotted ratios in figure 1 show no such variations m 
strength for the control left fibulae. The explanation of this is appar- 
ently concerned in the metabolism of the control group. As will be 
shown later, the control rats lost weight consistently, and we have 
found elsewhere that the weight of the animal exerts a decided influ- 
ence on the strength of its fibulae.^^ 

Relative Studies on Animal Weights and Food Consumption: For 
the Ovariectomy Fractured Group. — The body weights of this group 
fell from the ninth to the twenty-first postoperative days, when thef' 
again became normal (table 3). Subsequently the weights decreased 
at a rapid rate to the twent 3 ’^-seventh day, after which the previous loss 
was somewhat regained, and the final weighings on the thirtieth day 
were not greatty below normal (fig. 2). 

The food consumed b}^ the ovariectomized group remained relative!}' 
constant until the twenty-first day was reached, when a definite increase 
in the quantity of the diet ingested took place. Thereafter the quantity 
was about the same as that taken by the control rats (table 3 and fig. 2)- 
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Tile weij^lits of tlie DvnricclDmizod rats were greater tlian tliose of 
llie eontrul grouji. 'J'liis is in at least jiartial agreement with common 
Dl’inidii that an increase in body weight follows extirpation of the 
dvaries. Gmeomilantly, the cinantity of food ingested by the oopliorec- 
lomi/U'd animals was slightly more than that taken by the control rats. 

]-nr the <):vrlecloiny Control Grou />. — The hodj' weights of this 
group were lower ihronghonl than those of the ovaricctomizcd animals, 
except f<ir the twenty-seventh day when they were slightly higher 
(table d). 'J'here is reason to believe that the metabolism of the control 
rats was insufficient to maintain the characteristic rise and fall in the 



Fig. 2. — Body weiglit plotted as percentage difference in body weight from 
operation to death, and food consumption plotted as percentage body weight at 
operation. 

strength of the unfractured left fibulae such as had been found to be 
the normal occurrence in unfractured left fibulae with animals in which 
be the normal occurrence in unfractured left fibula with animals in whom 
the right fibula was fractured.'^ This failure of the unfractured left 
fibulae in the control lot to approach the normal findings, despite the 
fact that the fractured right fibulae in the same group did resemble the 
normal fractured right fibulae, ma}’- mean that the metabolism was 
insufficient to prevent the fractured right from withdrawing from the 
unfractured left fibulae those elements of healing strength, probably 
largely calcium and phosphorus salts, which the metabolism of the 
rats was unable to furnish from the diet as it had been in the group 
formerly reported.” 
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1 he foDil coiiMtnu.'d hy the ciMitnil r.'il- ''lii;htl\' !(;>■- thati that 
taken by the ovarieetoinizeil rats ( tahle •! and tie;. J), [ lie flitTerenri; 

was so little, however, that it w.as eoinparritivch' in^-iy'iiitieant. ICvi- 
dentU , edthonj^h the ovariecloinized and eontrfd r.ats ate nearly the same 
amount of their ration, the ovariectoniizeil ','ronp w.as better able to 
maintain wcitjht than the controls. Ibis mav he further evieleiice of 
the abnoi mal metabolism of the controls, f)r on the other hand it mav 
be but c\ idcnce tif the reduced inetaholism of the ovariectoniized lot. 
The lattei is probably the more likely of the two. However, when we 
compared the w'eitihts of the control .”roni> with those reported for the 


T.\ble Z.—Suwinnry of Hody Wai/hts and /-V, 


I'racturcd Grout' ^ 


’d Ci’i:v.iii:f!ioi: oj Ovariectomy 


Postoperntive Day.s 


DIlT»rrnccln Wrlrlit from Consiimetl p''rPny 
Oporntlon to Death n*-' from Oporntlon to pento 
por 0:nt of Dotly Weight n? per Cent of Dody 
nt Opcrntlon Welirht at Operation 


9 

15 

— 0.0 
— C.S 

s.o 

27 

0.0 

4.1 

so 

- 

2.4 

2.0 

* Refer to table 3n for complete ilatii. 


Table 4. Summary of Body H eights and Pood Cousumf-tlon of Ovariectomy 

Control Group * 


Postoperative Days 

9 

DifTerence In Wcleht from 
Operation to Death af 
per Cent of Body Welpht 
nt Opcrntlon 

Food Consumed per Day 
from Operation to Death 
as per Cent of Body 
Weight nt Opcrntlon 

15 


0.9 

21 


2.6 

27 

— S.O 

2.G 

30 

• ll.l 

—11.3 

2.6 

2.8 

Refer to table 4a for complete data. 


Stan ard diet gi oup in a former paper it was apparent at once that 
tie weij^hts of the controls, in the light of the earlier ivork, were not 
norma . In the standard diet group we had found body "weight main- 
tame above normal until the eighteenth day, with a slight drop beloiv 
ma on the twenty-first day, and a point on the thirtieth day’’ decided^ 
^ weight at the onset of the experiment. Nothing 

sem mg this was found on the weights of the ovariectomy controls. 

. . ^ ^ from the beginning to the end of the study. Consequently, 

. likely that these control rats were metabolically subnormal, 

which would account to no small extent for the variation from the 
normal found in their fibular breaking strength. 
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i;t>i:si(:i:svuuM’Uu: sri'DiKS or ui:i’kksi:ntativk fkactukks 

(>/ thf Rots. — 'I'lic calcification of llic callus in tlicsc 

fractures was oliscrvcd to he retarded (tij^. d). The density of the 
callus was apjn'eciahly less on the ninth, fifteenth and twenty-first days 
than it was in the controls. A poorly selected roentgenogram of the 
twentY-scYcntli day control fracture made a comparison on that clay 



PjV. 3.— Representative roentgenograms at different postoperative intervals. 
Tlic upper section of roentgenograms shows the fractured right ffbuiac of oi-ari- 
ectoniized rats; the lower section, the fractured right fibulae of normal female 
rats. With the exception of the twenty-seventh day fracture, the controls appear 
to possesss more calcific material, and consequently more’ strength, than the cal- 
luses of the ovariectomized rats. Prior to the twenty-first day this evidentlj- was 
true, but later it is questionable. Due to the lack of agreement between the roent- 
genograms and the breaking strengths, we have come to believe the roentgenogram 
an inadequate inde.x of healing strength. 
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impossible. On the thirtieth clay, however, the (n-ariectomizcd rat still 
showed less calcium deposited in its fracture than was noted in the 
control callus. 

Of ilic Ovariectomy Controls . — Calcification of the healing fracture 
progressed at a normal rate in the ovariectomy controls (fig. 3). In that 
respect they so closely resembled the standard diet fracture scries 
described before that uo attempt will be made to consider them 
further. 

COM MKXT 

The healing strength of fractured fihulac of rats on whom bilateral • 
oophorectomies had been performed was below that of their controls 
until the twenty-first day postopcrativcly. Subsccjtiently the healing 
strength was slightly greater. By roentgcnographic examination it 
appeared that in large part the early diminution in strength was due 
to a delay in the process of calcification of the primary callus. Ihe 
delay may possibly have been due to the j^roduction of a negative calcium 
balance, which, however, is not in accord with the findings of others on 
osteomalacia where a positive calcium balance with an increase in the 
density of the bones of the body was said to have followed extirpation 
of the ovaries.^® It is not to be forgotten that in cases of parathyroid- 
ectomy the calcium of the blood stream is increased, and yet it has not 
been satisfactorily demonstrated that fractures heal the quicker as 
a result of such an elevation. Evidentl)’’ the form in which the calcium 
exists in the blood stream is of as much, if not more, importance than is 
a quantitative increase. Furthermore there is a question as to whether 
one may compare osteomalacia and a fracture in respect to their effects 
on calcium metabolism in rats. 

The metabolism of ovariectomized rats is by far too large for us 
to attempt, or even to desire, to create the impression that removal of 
the ovaries in female rats will of itself slow up the healing of fractures 
by inhibiting the deposition of calcium salts. We shall show at a later 
date that orchidectomy, and possibly thyroidectomy, and parathyroid- 
ectomy will produce a similar reduction in the healing strength of 
fiactured rat fibulae. The metabolism of the salts utilized in the repaii 
of bone is so intimatel}’’ bound up with many of the glands of internal 
secretion that as yet no particular one is definitelv known to control 
the entire picture. 

The bod}^ weights of the ovariectomized rats did not show an 
absolute gain. Rather one may sa}”^ their weights were more completely 
maintained than were those of the controls, yet the weights were never 
greater than normal, or more correctly greater than the original weight 

13. Fehling;S Goldthwait, Painter, Osgood and McCrudden.“ 
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nl tlic of l!ic t'xperimciil. Tlif inlliiciicc of castration has been 

invcstij^Mtcd in the human female hy Geisi and Goklbcrgcr," who found 
that at best a slight inci'easc in body weiglit followed oophorectomy. 
,\t tlie same time there, was a very moderate drop in tlie basal metabolic 
rate, while the blood chemistry changed but little, if at all. It would 
seem jiossible that in the ovariectomized rats the better maintenance of 
body weight might in part be explicable by a reduction in the metabolism 
along with a somewhat greater consumption of food. 

CONCLUSION 

Female albino rats with fractured right fibulae, and bilateral oophor- 
ectomies. had less strength in their healing callus for the first twenty- 
one days of healing than did their controls in which the ovaries were 
not removed, but which also had had their right fibulae fractured. Later 
the strength of the calluses in the ovariectomized rats was slightly 
greater than that of the control calluses. 

The formation of the primary callus in ovariectomized rats during 
the first twenty-one days of the reparative process would seem to be 
more influenced than were the later stages in the repair of the fracture. 
The findings on the breaking strength machine were substantiated in 
part by similar findings on roentgenographic examination. Roentgeno- 
graphic studies of selected fractures over the observed intervals strongly 
suggested a retardation in the calcification of the provisional callus. 

The better maintenance of body weight in the ovariectomized group 
than in their controls was in agreement with similar findings by other 
u'orK-ers. 

ADDENDA 

COJrPLETE DATA ON OVARIECTOMIZED RATS 


Table la. — Breahiug Strength and Ratio for Fractured Right and Uufractnrcd 
Left Fibulae of Ovariectomy Fractured Group 


Postoporn- 

tlve Dnys Rat No. 

Weight (W) 

Force (F) 

Ratio (R) 

Operation 

(10.W)='=‘ 

Left 

Right 

Loft 

Right 

9 SOSl 

178 

I4G.9 

2.10 


170 

0 

8082 

170 

142.5 

260 

90 

1S2 

C3 

30S3 

172 

143.G 

280 

50 

395 

34 

SOSO 

17G 

145.8 

155 

90 

lOG 

62 

3087 

185 

350.7 

295 

70 

19G 

46 

SOSS 

ISO 

us.o 

205 

35 

139 

24 






in.-H-is 


15 3147 

IGO 

1.3G.S 

195 

90 

14.3 

CG 

3148 

182 

149.1 

575 

90 

3SG 

CO 

3150 

160 

14S.0 

2S0 

(.1 

3S9 

ra 

3151 

ISO 

14S.0 

350 

320 

23G 

SI 

3153 

17G 

145.S 

425 

175 

201 

120 

3154 

185 

150.7 

215 

100 

343 

00 

3157 

15S 

13.1.7 

410 

ISO 

302 

333 







24l-t-32 

S2'+-]l 








14. Geist, S. H., 

and Goldbcrgcr. If. A.: 

Am. j 

r. Ohst & 

Gynec. 12:205, 1926. 



Taei.k la. — Breaking] Slrciuilh and Ratio for I-racliirrd Rirthl and b nfroclurcd 
Left Fihnlac of Ovarici-loiny Fractured dronf' — Continued 


Wcldit (\V) rorrf-d') Kntlfi (tt) 


Postopera- 
tive Days 

Rat No. 

Operation 

(10.1V)5/= 

I.<It 

Rlrlit 

Left 

Rltrlit 

21 

31C3 

1G2 

137.9 

2*0 

217 

151 

173 


3101 

172 

143.G 

32.7 

SCO 

22t5 

130 



ISO 

14S.0 

210 

S5 

142 

at 


31GG 

1,74 

13.3.4 

30.7 

140 


IOj 


31 G7 

152 

I ''O o 

24.7 

21.7 

is7 

103 







1P3-+-13 

125 ±20 

27 • 

3379 

150 

131.0 

355 

3::5 

271 

250 


33S0 

ICO 

13G.S 

420 

205 

30 1 

21C 


S3S1 

1C2 

137.9 

355 

225 

257 

lOo 


33S3 

142 

12C.3 

415 

27.7 

320 

21 S 


33S4 

ICO 

13C.S 

455 

2.70 

333 

1S3 







oiyvi-14 

207±15 

30 

3527 

1S5 

150.7 

SCO 

127 

239 

S3 


3G22 

170 

142.5 

505 

210 

37-1 

14 » 


3G23 

172 

143.G 

3.70 

277 

244 

192 


SG24 

170 

142.5 

350 

27.7 

24G 

193 


3G25 

150 

131.0 

330 

230 

272 

1(0 


3G2G 

ISO 

14S.0 

200 

07 

IOC 

04 

Arithmetic 

mean 





257±20 

143±21 


Table 2a. — Breaking Strength and Ratio for Fraetnred Right and Unfraetured 
Left Fibulae of Ovariectomy Control Group 


Postopera- 
tive Days Rat N'o. 

Weight (W) 

Porco (F) 

Ratlp (R) 

Operation 

(lO.W)*'® 

Left 

Right 

Left 

Bight 

9 37S6 

190 

153.4 

560 

30 

365 

20 

3787 

165 

139.7 

420 

0 

301 

0 

37SS 

165 

139.7 

600 

225 

420 

161 

37S9 

ISO 

148.0 

355 

235 

240 

159 

3790 

165 

139.7 

360 

0 

258 

0 

3678 

173 

144.1 

5S0 

175 

403 

121 

Arithmetic mean 





333±29 

77+^ 

13 3668 

168 

141.4 

335 

275 

272 

194 

3670 

150 

131.0 

360 

225 

275 

j(2 

3671 

194 

155.6 

460 

340 

296 

219 

3672 

153 

132.8 

440 

160 

331 

120 • 

3669 

178 

14C.9 

375 

105 

255 

71 

Arithmetic mean 





2S6±12 

155+24 

21 36S4 

ISC 

151.3 

460 

35 

304 

23 

3683 

IGS 

141.4 

550 

240 

389 

170 

36S6 

ISO 

148.0 

480 

25 

324 

17 

3687 

196 

156.6 

430 

145 

275 

93 

3GS3 

172 

143.6 

365 

420 

254 

292 

Arithmetic mean 





309±21 

119+47 

27 36SS 

170 

142.5 

300 

245 

211 

172 

3GS9 

ISO 

148.0 

300 

270 . 

203 

182 

3G90 

164 

139.1 

415 

340 

29S 

244 

3692 

173 

144.1 

560 

250 

3S9 

173 

3691 

.■Arithmetic mean 

162 

137.9 

400 

240 

290 

27S±31 

271 

174 

1S9+13 

SO SC73 

156 

134.G 

365 

200 

149 


1G3 

141.4 

310 

240 

219 

170 

3674 

1C5 

139.7 

440 

90 

315 

64 

23'’2 

Arithmetic mean 

1S2 

140.1 

225 

240 

151 

239+31 

161 

136+21 


'I'.Mn.r. .'.T. — lu’dy U’n;ihls iitid food Consumed by Rats of Ovariectomy 

fractured Grnuf> 







Food Consiimcd 




IVelght 










I’o'Ioprra- 












lire Day.' 

llal No. 

.‘'lart 

OpcralloM 

Death 

Operation to Death 

P 

rail 

17"! 

17S 

ISO 

00 

00 


V0y2 

l.'O 

170 

30.7 

40 

40 


ro<n 

170 

172 

301 

01 

30 


rn-n 

ipi; 

170 

3S0 

53 

50 


r.o^T 

ISO 

1S5 

392 

54 

CO 



17.7 

ISO 

172 

01 

50 

.trllhinellc mean. 


17S 

177 

170 

55 

DO 

I.' 

.our 

170 

ICC 

ICS 

55 

92 


r»Ms 

1S.7 

3S2 

HS 

42 

07 


nir-o 

17.7 

ISO 

3GS 

5S 

70 


si.-.l 

ISO 

ISO 

174 

GO 

SI 


SKtS 

ISO 

170 

12S 

44 

37 


sirw 

1S5 

1S5 

ISO 

53 

111 


sin? 

170 

35S 

ISO 

34 

SG 

.Vrllhinctlc mean, 


170 

175 

104 

4S 

79 

21 

•SIC.S 

ICO 

102 

140 

40 

111 


SIC1 

170 

J72 

304 

7S 

174 


3IG5 

174 

ISO 

I7S 

03 

353 


SICG 

l.V! 

154 

15S 

53 

ICS 


3107 

152 

152 

342 

40 

107 

Arllhinetlc mean. 


1G3 

m 

304 

5S 

143 

27 

3370 

339 

150 

102 

52 

94 


33S0 

ICO 

ICO 

lie 

20 

101 


S3S: 

102 

102 

134 

33 

100 


S.3S3 

140 

142 

110 

42 

95 


S3S4 

170 

ICO 

132 

41 

114 

Arithmetic mean. 


130 

153 

119 

39 

301 

SO 

3327 

170 

1S3 

194 

42 

173 

3022 

103 

170 

105 

53 

131 


3023 

105 

172 

140 

53 

120 


8024 

17S 

170 

170 

70 

125 


3025 

102 

150 

140 

3S 

121 


3020 

ISO 

ISO 

172 

4S 

213 

Arithmetic mean, 


172 

171 

105 

53 

147 



Summary 






Difference 

Food 

Difference in 

Food Consumed 



• In Weight 

OoDSumed 

Weight from 

per Day from 



frona 

per Day from Operation to 

Operation to 


■<VclgUt at 

Operation 

Operation 

Death ns per 

Death as per 


Operation, 

to Death, 

to Death, 

Cent of 11 eight 

Cent of Weight 

tlve Days 

Gm. 

Gm. 

Gm. 

at Operation 

at Operation 

9 

177 

— 1 

5.G 


— O.G 

3.2 

15 

175 

—11 

5.3 


— G.3 

3.0 . 

21 

27 

SO 

104 

155 

171 

0 

—GO 
— 6 

C.S 

4.9 


0 

—23.2 
— 3.5 

4.1 

2.4 

2.9 


Table 4a. — Body Weights and Food Consumed by Rats of Ovariectomy 
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53 
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CO 

62 
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53 

CO 
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C3 

07 

3790 
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4S 
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1S7 

50 
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55 
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46 

61 
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40 
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05 
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50 

CO 

21 
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02 
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45 
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43 

S5 
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02 
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CO 

72 
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ISO 

10.5 

57 

97 

27 
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40 
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ISO 
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40 
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3690 
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130 
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47 
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30 
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34 
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35 
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1S2 

1S2 

74 

1S2 

Arithmetic mean 


109 


lOS 

149 

55 

142 




Summary 






Difference 

Food 

Difference in 

Food Consumed 



in Weight 

Consumed 

Weight from 

per Day from 



from 

per Day from Operation to 
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9 
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_ 
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— 1.7 


3.9 

15 
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_ 
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4.4 
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21 
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_ 
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27 
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- 
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O]iinioiis regarding tlie incidence of sypliilis of the stomach arc 
extremely divergent. Judging from the number of cases reported in 
tlic ]iast few years by roentgenologists and gastro-enterologists one 
would conclude that involvement of the stomach is not at all uncommon. 
For instance, LcWald ‘ in 1923 recorded fift)' cases examined by him- 
self personally in which the radiologic diagnosis was gastric syphilis. 
Eusterman - in 1930 dcscrilied observations on ninety-three patients in 
whom the diagnosis of syphilis of the stomach was made on clinical 
grounds. Many smaller scries are reported by roentgenologists and 
clinicians both in this countr}'- and abroad. The relative frequenc}^ of 
syphilis of the stomach as determined clinically is in sharp contrast to 
its rarity based on postmortem statistics (see Konjetzny ®). Pathologists 
in general are therefore inclined to look on most clinical reports as 
unreliable. Their attitude is tersely expressed in a statement by Stern- 
berg ■* that merel}' the number of reports, not the number of cases of 
syphilis of the stomach, has increased. 

In a previous publication dealing with the incidence of gastric 
S3'philis we “ upheld the clinician’s point of view in contending that the 
disease was not particularly uncommon. We attempted to explain the 

Read in part before the Chicago Surgical Society, Feb. 5, 1932. 

From tlie Department of Surgery, Northwestern University Medical School ; 
the Department of Medicine, University of Illinois College of Atedicine, and the 
Cook County Hospital. 

1. LeWald, L. T. : Sypliilis of the Stomach; Roentgen Appearance Before 
and After Treatment, Radiology 1:193 (Dec.) 1923. 

2. Eusterman, G. B. ; Gastric Syphilis : Observations Based on Ninety-Three 
Cases, J. A. M. A. 96:173 (Jan. 17) 1931. 

3. Konjetzny, G. E., in Henke, F., and Lubarsch, O. : Handbuch der speziellen 
pathologischen Anatomic und Histologic, Berlin, Julius Springer, 192S, vol. 7, 
pt. 2, p. 101 S. 

4. Sternberg, C, quoted by Windholz, F. : Ueber erworbene Syphilis des 
Magens, Virchows Arch. f. path. Anat. 269:384, 1928. 

5. Singer, H. A., and Meyer, K. A.: Sj'philis of the Stomach, with Special 
Reference to Its Incidence, Surg., Gynec. & Obst. 48:23 (Jan.) 1929. 
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rarity with which the disease was seen by tlie niorhid anatomist in the 
following manner: The suggestion was made and evidence submitted 
to show that generally at the time a patient with gastric syphilis reaches 
the autopsy table the lesion cither has completely resolved or has lost 
its specific characteristics in undergoing transformation into scar tissue. 
According to this assumption, the pathologist encounters the disease 
usually in an unrecognizable form or in a stage in which the histologic 
characteristics are not classic. The clinician, on the other hand, is 
frequently afforded the opportunity of detecting the disease at the height 
of its activity and of watching its disappearance cither spontaneously 
or following therapy. It is not to be inferred from the foregoing 
statements that we consider the disease to be a common one, and that 
we accept the diagnosis of gastric syphilis in most of the reported cases. 
As a matter of fact, we have been led to conclude that the number of 
nonsyphilitic cases mistaken for those of syphilis is greater than the 
number of specific cases overlooked (see Singer and !Meyer“). The 
view that we entertain based on a combined clinical and pathologic 
study is that the disease is neither rare nor common. We believe that 
any surgeon who performs a considerable number of gastric operations 
should expect to encounter a sj'philitic stomach from time to time but 
onl)' at I'elativel)'’ long intervals. 

The recognition of syphilis of the stomach at the operating table is 
of great importance, not alone for academic, but also for practical I'ea- 
sons. When the granulomatous infiltrate is sufficient!}' thick to be 
readily visible and palpable, the lesion is most commonly mistaken for 
carcinoma. The latter diagnosis indicates wide resection, a procedure 
that carries with it a mortalit}' by no means negligible. Syphilitic 
involvement, on the other hand, generally requires no surgical procedure 
with regard to the stomach other than removal of tissue for biopsy. 
When an obstruction is present, gastro-enterostomy suffices. Resection 
IS seldom required. The importance of avoiding extensive operations 
in gastric syphilis is emphasized by the frequent inability of wounds 
to heal in the presence of active syphilis. In cases in which the granu- 
lomatous infiltrate is relatively thin, the lesion can easily be overlooked, 
as will be shown later, unless the surgeon is acquainted with the specific 
anatomic characteristics. The failure to recognize the presence of a 
lesion of this type causes the surgeon to refrain from performing a 
^^astro-enterostomy that might be indicated (see Larimore,’^ case 3). 

6. Singer, H. A., and Meyer, K. A. : Syphilis of the Stomach, with Special 
Reference to Its Misdiagnosis, Am. J. Surg., to be published. 

f ■\ of the Stomach, Surg., Gynec. & Obst. 37:133 
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It tdiii.'' 1(1 nii.'-Ic.-Kl tlic gnstro-cntcru!oi;,M'st, who ina}' then assume 
llial the conditidu is fimclioiial ami tliercforc omit anti-syphilitic treat- 
ment. 

'I'lie ([uestion naturally ari.scs arc the changes in syphilis of tlic 
.*-!(imach stilliciciilly distinclivc to permit its recogiiition at laparotom}^? 
\\*e have heen imprcs.'^ed, in recollecting our own eases and those 
reintrted in the literature or descrihefi to us hy our colleagues, by the 
relative ease with which gastric syphilis in general is distinguished from 
ulcer or c.arcinoma. It is the e.Nception ratlier than the rule for a surgeon 
who has liad a fair amount of experience in gastric work to fail to 
recognize that he is dealing with an atypical type of lesion ivhei: he 
encounters .syiihilis of the stomach. For instance, LeWald ® in dis- 
cussing one of his cases reported from the radiologic standpoint stated, 
“The surgeon, on inspection and palpation of the growth, immediately 
said that he was convinced that the lesion was not due to carcinoma 
or to ulcer of the stomach and did not perform resection.” If the 
operator has dealt with a similar case prcviousl}' and learned that it was 
syphilitic, he gcncrall)’ suspects the diagnosis in the second case almost 
at once. Experience with a few cases is sufficient to permit the surgeon 
to make the diagnosis with a fair degree of confidence. Even without 
this experience, a theoretical knowledge of the gross characteristics of 
syphilis of the stomach generally leads to its identification. A frozen 
section of tissue taken for biops}', as will be shown, is of little value 
in the diagnosis as compared with the gross examination. 

Although numerous articles on gastric S3'philis have appeared in 
surgical journals, none, so far as we have been able to ascertain, has 
dealt at any length with the gross features of the disease. Since at 
operation the lesion is recognized mainly by its macroscopic character- 
istics, it is deemed advisable to summarizp the morphologic changes 
that serve to distinguish gastric syphilis from other gastric conditions. 

In the following paragraphs only those structures that are available 
for direct examination through an upper abdominal incision will be 
discussed. The presence of associated lesions elsewhere which are of 
aid in diagnosis, but which do not lend themselves to inspection at 
laparotomy, for instance an aneur3'sm of the thoracic aorta as recorded 
b3’' Windholz,® will receive no special consideration. 

It is to be borne in mind that the description which follows applies 
to the general run of cases, and that variations occur depending on the 
location, extent and stage of development of the granulomatous involve- 
ment. The lesion is most frequently found in the pars pylorica, often 

8. LeWald, L. T. : Roentgen Diagnosis of Gastric Syphilis, J. A. M. A. 
96:179 (Jan. 17) 1931. 

9. IVindholz, F. : Ueber erworbenc Syphilis des Magens, Virchows Arch. f. 
path. Anat. 269^384, 1928. 
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producing obstruction to the gastric outlet. Less freejuenth', the jjroccss 
is located in tlie pars media. Involvement of the pars cardiaca i.s 
uncommon. [Multiple localizations. cs]>ecially in the jiyloric and mid- 
portions of the stomach, are not rare. Sejvirate lesions of the cardiac 
and middle thirds of the stomach as reported hy I’cnsaude. Mezard and 
Godard are relatively unique. The extent of the lesion varies between 
wide limits. The granuloma may he restricted to any of the three 
portions of the stomach mentioned, but also may involve any two or all 
three. A general involvement of the stomach is rare. Not infrequently, 
however, the middle and distal thirds of the stomach arc simultaneously 
affected. Early in the disease, the lesion consists of a local, plaquelike 
infiltrate, which merely imparts a sense of thickening to the palpating 
hand. A lesion of considerable extent and thickness represents a 
further stage and is likely to be accompanied by secondary ulceration. 
Contraction of a segment, usually represented by a concentric, c\dindric 
narrowing, is indicative of a late stage. Diffuse involvement of the 
stomach is followed by microgastria or leather-bottle stomach. It is to 
be remembered that up to a certain stage in its development the process 
is reversible. A thickened, idgid tube encountered at a primar}' 
laparotomy may, following specific treatment, as related by Le Noir,^^ 
be found supple, pliable, normally thin and patent at a subsequent 
operation. 

In considering first the stomach itself, one is struck b}^ the discrep- 
anc}'' in many cases between the radiologic and the anatomic changes. 
The x-ray picture may suggest the presence of an extensive lesion, 
whereas at operation one is surprised to see and feel but little anatomic 
alteration. Schlesinger also mentioned that at laparotomy palpation 
majr fail to disclose an abnormality, although the x-ray picture may 
reveal considerable deformity. The presence of pyloric stenosis was 
shown roentgenologically in a case reported by Eisenklam and exam- 
ined in Holzknecht’s institute, which failed to show any anatomic 
narrowing at operation. A similar case examined by two qualified 
radiologists was reported by Petit-Dutaillis and Bertrand.^^ In the 

^ 10. Bensaude, R.; Mezard, J., and Godard, P.: Sur un cas de syphilis gas- 
trique suivi pendant 20 ans. Arch. d. mal. de I’app. digestif 20:1178 (Dec.) 1930. 

11. LeNoir, P. : Syphilis et ulcere gastro-duodenal. Arch. d. mal. de I’app- 
digestif 20:470 (April) 1930. 

12. Schlesinger, H.; Die Magensyphilis, Klin. Wchnschr. 9:171 (Jan. 25) 1930. 

13. Eisenklam, I. ; Ueber diffuse luetische Infiltration des Magens, Wien. klin. 
Wchnschr. 39:182 (Feb. 11) 1926. 

14. Petit-Dutaillis, D., and Bertrand, I. : Un cas curieux de syphilis gastrique 
grave sans tumeur, simulant le cancer. Verification biopique. Gastro-enterostomie 
combinee au traitement specifique. Guerison, Arch. d. mal. de I’app. digestif 20: 
199 (Feb.) 1930. 
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j'.UK'ity <il' ;in:iUimio ;is coiiipaird willi nidiolo.i^n'c cliriiigcs, gastric S3'])liilis 
i'' in contrast to carcinoma, in which uiiforlnn.alcl}- the lesion is generally 
much more ('Ntensiri; than jinticipated from its a]5pcarance in the x-ray 
pictnre. 

'I'he cliar.icteristic lesion of syphilis is a Hat, plaqnelike infiltrate that 
involves the snhmncosa jirincipally. 'J'he most distinctive feature of this 
infiltrate is its relatively soft consistency. When the infiltrate is thin, 
it may he entirely overlooked, because it fails to impart thc'cxpected 
increased sense of resistance detected in carcinoma or ulcer. The soft- 
ness combined with the flatness of the infiltrate reaclil}' leads to an 
oversight. Windholz " described a pertinent' case of a woman of 36 
who was subjected to an operation for what was interpreted roentgeno- 
logically as a new growth of tlie cardiac ])ortion of the stomach. At 
operation no gastric lesion was detected, and the abdominal incision 
was closed. Later examination with a barium meal showed an extension 
of the process, and a second operation was undertaken. This time 
tissue for biops}- was removed, and histologic changes suggestive of 
syidiilis were found. Gradual decrease in the size of the stomach in 
spite of antis3'philitic treatment later necessitated a gastrostomy^ The 
jDatient died about one 3'ear after the original operation with typical 
subtotal linitis plastica of syphilitic nature. The radiologic aspects of 
the case were described by Schwarz in a separate communication. 
Petit-Dutaillis and Bertrand “ related that in a patient in whom gastric 
S3'philis was encountered at operation they were unable to detect an3' 
noteworth3f change in the wall of the stomach before incising it. Palpa- 
tion gave at most the impression that the p3'lorus was a little thickened 
and indurated. The x-ray picture showed what was interpreted as 
linitis plastica of the p3doric portion of the stomach. The tissue for 
biopsy removed from the region chosen for a gastro-enterostom3f stoma 
showed microscopically that the infiltration had extended far beyond 
the pars p3dorica. A similar case (no. 3 ) was reported from the 
roentgen standpoint by Larimore.’^ The x-ray picture showed an annular 
defect of the p3doric portion of the stomach producing high grade 
obstruction. At the operation, no gastric lesion was identified by the 
surgeon. In the first of the two cases to be described in this paper, 
only a portion of the infiltrate beyond the p3dorus was detected by the 
surgeon at the operating table. 

When the infiltrate leads to noteworth3’- thickening of the wall of 
the stomach, the presence of a lesion is, of course, readily recognized. 
Its relatively soft consistency and its plaquelike form, however, serve 
to distinguish it from carcinoma and from the inflammator3’ tumor that 

15. Schwarz, G. : Die Entwicklung cines syphilitischen Schrumpfmagens im 
' Rontgenbilde beobachtet, Fortschr. a. d. Geb. d. Rontgenstrablen 37:313, 1928. 
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frequently accompanies ulcer. Except in leather-bottle types with 
marked shrinkage, the gastric wall is pliable and is only moderately 
increased in consistency as compared with the normal. The consistency 
of the infiltrate is fairly uniform, except at its margins, where it merges 
almost imperceptibly into the surrounding normal gastric wall. The 
degree of thickening varies between wide limits. However, irrespective 
of the amount of thickening, the point of maximum increase is in the 
center of the lesion, and the transition from the normal to the abnormal 
is a very gradual one. The great majority of lesions reported in the 
literature as well as in our own series answer to the foregoing 
deseription. 

In addition to the characteristics described as determined by palpa- 
tion, there are a few features noted on inspection which, although less 
distinctive, merit description. The peritoneum over the involved area ■ 
is thickened, lusterless, opaque and often edematous. Aoyama stated 
that he suspected the fourth case in his series of being syphilitic by 
the appearance of the exterior of the stomach. He noted more or less 
widespread whitish thickening, edematous swelling and focal injection. 
Occasionally, the surface of the stomach is reddened as in the case 
reported b}’’ Eisenklam.^® However, this is not typical and is apparently 
due to secondary infection. Adhesions are generally absent, but may 
be prominent as in the second case to be described later. 

Incision into the stomach often ydelds valuable information. If the 
wall is incised in the area of infiltration, i. e., for the purposes of a 
biopsy, the cross-section of the stomach will show the individual coats 
to be distinct. Extensions from the mucosa into the subjacent layers 
as in carcinoma are lacking. The thickening of the wall of the stomach 
is seen to be due to an increase chiefly of the submucosa, which is 
rendered homogeneous and edematous. The tissue here has flbrous 
rather than neoplastic characteristics. Exposure of the interior surface 
of the lesion b}^ an opening made beyond the margin of infiltration 
often discloses more or less ulceration. The ulcers are frequentl}' 
multiple and are irregular in shape with serpiginous outlines. The 
edges are only slightly raised and are not undermined. The floor of 
an ulcer is generally covered by a lardaceous membrane, which is lightly 
adherent. The ulcers are superficial, the floor being generally formed 
by the underlying thickened submucosa. The base of the ulcer is gen- 
erally ill the same niveau as the margins and projects above the level 
of the normal mucosa. The ulceration occupies the thickest poi'tion of 
the granuloma, and therebi’ furnishes the impression that the denudation 
is secondary to the infiltration. Although superficial, the ulcers tend to 

16. .■\oyaiTia. T. ; Ueber syphilitische Erkrankung des Magens, Deutsche Ztschr. 
f. Cliir. 174:34, 1922. 
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i>r iavm\ oi'ini iracliiii:: thi- size of the palm of a hand or larger (see 
fi!,’. 2). ( kcasionally one fnids extensive ulceration within which one 

or more islands of remaining mucosa are found (j\IcNcc,’’ Singer and 
Meyer ■' jease 2J, Sj'arman '''). 

t M' great assistance in the diagnosis at laparotouty are certain asso- 
ciated changes of syphilitic nature occurring particularly in the liver 
and the small intestine. 'I'lie mo.st frerjuent .syphilitic lesion encountered 
in tin- ahflomen is hepatic. 'I'he high incidence of st'philis of the liver 
in association with cases of gastric .syphilis has been emphasized by 
Schlesinger.'- Mullijile deep stellate scars producing a classic hepar 
lohntum as occurred in the cases of Derman and Kopelowitsch and 
Petit -Idutaillis and Bertrand '■* should immediately arouse the suspicion 
of syphilis when a gastric lesion co-exists. Less typical changes, such 
as limited scarring involving especially the left lobe and the region of 
the suspensory ligament as recorded by Windholz,'’ in his case 2, are 
also suggestive. Cicatrices limited to the right lobe, especiall}' when 
superficial as in case 1 reported here, are of less significance. Prac- 
tically complete shrinkage of the left lobe and involvement in the region 
of the attachment of the round ligament, with compensatory hyper- 
trophy of the right lobe, are almost pathognomonic of syphilis of the 
liver. This ty'pc of lesion was found in Brains’ classic case of gastric 
syphilis. A similar hepatic involvement was encountered by Kwartin 
and Hej'd in their third case. Actual gummas, as might be expected, 
arc less frequently encountered than scars. The presence of nodules in 
the liver may'' suggest carcinoma. The coexistence of gummas and 
scars as in one of our previous cases (Singer and Meyer') should 
serve to identify the syphilitic nature of the nodules. A specimen for 
biopsy taken from one of the hepatic tumors as in case 4 of Downes 
and LeWald -- would likewise aid in the diagnosis. The coincidence 
of syphilis of the liver and carcinoma of the stomach as mentioned b_v 
Gatewood and Kolodny^ is constantly' to be borne in mind by' the 

17. McNee, J. W. : Syphilis of the Stomach, Quart. J. Med. 15:215, 1921-1922. 

18. Sparman, R. ; Ein Fall von Magen-Diinndarmsyphilis, zugleich ein Beitrag 
zur Kenntnis syphilitischer Magen-Darmerkrankungen, mit besonderer Bcriick- 
sichtigung gummoser Veranderiingen am Magen, Deutsche Ztschr. f. Chir. 164: 
136, 1921. 

19. Derman, G. L., and Kopelowitsch, M. A.: Zur pathologischen Anatomic 
der syphilitischen Magengeschwiirc, Virchows Arch. f. path. Anat. 278:149, 1930. 

20. Brams, W. A. : Ueber das Ulcus syphiliticum multiforme vcntriculi. Arch, 
f. Verdauungskr. 27:375, 1921. 

21. Kwartin, B., and Heyd, C. G.: Syphilitic Ulcerations of the Stomach, .Arch. 
Surg. 14:566 (Feb.) 1927. 

22. Downes, W. A., and LeWald, L, T.: Syphilis of the Stomach: .A Report 
of Eight Cases with Roentgenologic Findings, J. A. Af. A. 64:1824 (Afay 29) 1915. 

23. Gatewood, W. E., and Kalodiiy, A.; Gastric and Intestinal Syphilis; Report 
of a Case; Clinical Course and Morbid Pathology, Am. .1. Syph. 7:649 (Oct.) 1923. 
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surgeon. Syphilitic lesions involving the small intestine and the spleen 
are less common and less easily identified. The lesions of the small 
intestine tend to be multiple. Fraenkel’s case is a prototype of the 
gastro-intestinal form. Splenomegaly, according to Schlcsingcr,-' is 
present only exceptionally. However, its detection should lead to a 
search for a cause. 

Syphilitic lesions of the stomach often require laparotomy. The 
obstructive lesions of irreversible character and acute perforation 
obviously demand surgical intervention. However, aside from the vital 
indications, operation is frequently essential for identification of the 
lesion. The diagnosis of gastric syphilis is difficult in many cases 
principally on account of the close resemblance it bears to carcinoma. 
A filling defect in the stomach even in the presence of a positive Was- 
sermann reaction, on the basis of statistics, is more likely to represent 
a malignant than a syphilitic process (Singer and Me 3 ’er®). The fre- 
quency of gastric carcinoma and the high incidence of constitutional 
syphilis render the diagnosis of gastric syphilis a hazardous one. On this 
account, Baumecker -® considered laparotomy imperative. Although the 
therapeutic test can be invoked to aid in the determination of the nature 
of the lesion, there are certain limitations and disadvantages to this 
procedure. Although opinions differ somewhat regarding the length 
of time of trial, it is generally agreed that only a relatively short period 
is warranted. Stokes advised in questionable cases the preoperative 
administration of two injections of arsphenamine, 0.3 Gm. each, with 
a three day interva,!. If improvement within seven days is not pro- 
nounced, and if the operability of the patient may be decreased by 
further delay, an exploration should be performed. Sinakevitch and 
Toporkoff suggested treatment for from ten to fifteen days. Ein- 
horn recommended a test period of from two to four weeks or longer. 
Bockus and Bank stated that Eusterman believed that six weeks is 
adequate to test the effect of antisyphilitic treatment. 

24. Fraenkel, E. ; Zur Lehre von der acquirirten Magen-Darmsj^philis, Vir- 
chows Arch. f. path. Anat. 155:507, 1899. 

25. Schlesinger, H. : Syphilis und innere Medizin, Vienna, Julius Springer, 
1926, pt. 2, p. 121. 

26. Baumecker, H. : Die klinische Diagnose der hvpertrophischen Magenlues, 
Med. Klin. 26:1557 (Oct. 17) 1930. 

27. Stokes, J. H. : Modern Clinical Sj'philolog 3 ’’, Philadelphia, W. B. Saunders 
Company, 1927, p. 734. 

28. Sinakevitch. N. A., and Toporkoff, N. N. : Syphilis of the Stomach from 
the \'iewpoint of Surgerj- and Neuropathologj’’, Vestnik khir. 21:3, 1930. 

29. Einhorn, M. : Sj'philom des !Magens. Heilung durch antiluetische Kur, 
Deutsche med. Wchnschr. 55:1877 (Nov. 8) 1929. 

oO. Bockus, H L., and Bank, J. : Upper Gastrointestinal Disease Associated 
with Sj-philis, .Am. J. Syph. 13:30, 1929. 
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'I'lu' vahic of the tlicnipcutic lest is liiiiilcd, whether it is applied 
for one or for six weeks, since a fair proportion of S3'philitic patients 
fail to show appreciable iniiirovcmenl. For cxainjde, in case 2 of 
l.eW'ald/ after five weeks of Ireatinenl the degree of iniprovcmcnt was 
so slight that resort to exploratory operation was deemed advisable. 
'J'he lesion at operation was shown to be syphilitic. In case 7 of the 
scries jinblished by Bockus and Bank,^” six months of intensive treat- 
ment was necessari' before improvement became noticeable. We among 
others have had similar experiences. Another disadvantage of the 
therapeutic lest is that at times it is misleading. For example, a patient 
with gastric carcinoma and constitutional syphilis may improve tem- 
]iorari!y as a result of anti.syphilitic treatment. This observation is 
attested to by O'Leary.-” Stokes mentioned a case of carcinoma in 
which sufficiently marked improvement was obtained to lead to the 
temporary diagnosis of syphilis, which was later reversed by the dis- 
closure at operation when the patient finally began to decline again. 
We have had similar e.xpcricnces (Singer and Mei-er”). The most 
serious objection to the therapeutic test, however, is the time lost in 
the event that the lesion proves to be carcinomatous. The local extension 
of the neoplasm may not be as significant as its constitutional effect, 
which decreases the patient’s vitality and renders him a poorer surgical 
risk. The seriousness of overlooking a carcinoma and the relative 
innocuousness of a laparotomy in the presence of gastric syphilis have 
led not only surgeons but also internists and syphilologists (see Gabert,®- 
Schlesinger,'- Stokes -• and Strauss to recommend surgical inter- 
vention, unless otherwise contraindicated, whenever the slightest sus- 
picion of carcinoma is entertained. 

In the recognition of gastric syphilis the surgeon cannot depend on 
the standpoint of positive diagnosis. Unlike carcinoma or sarcoma 
unlike one in carcinoma, for instance, is of limited value, at least from 
the standpoint of positive diagnosis. Unlike carcinoma or sarcoma, 
gastric syphilis presents no pathognomonic histologic changes. As 
pointed out in a previous publication (Singer and Dyas the specific 
lesion of syphilis, i. e., the gumma, as found, for instance, in the liver, 
has not been described in the stomach. The histologic diagnosis is based 
on the recognition of several characteristics occurring in combination 
rather than on any one specific feature. The demonstration of these 

31. O’Leary, P. .A.: Gastric Syphilis: Data Accumulated from 89 Cases, Am. 
J. Surg. 11:286 (Feb.) 1931. 

32. Gilbert, E. : Zur Keimtnis und Diagnose der Magciisyphilis, Mitt. a. d. 
Grenzgeb. d. Med. u. Chir. 40:224, 1927-1928. 

33. Strauss, H. : Ueber Mageu-Syphilis, Med. Klin. 27:275 (Feb. 20) 1931. 

34. Singer, H. A., and Dyas, F. G.: Syphilis of the Stomach, with Special 
' Reference to Certain Diagnostic Criteria, .Arch. Int. Med. 42:718 (Nov.) 1928. 
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characteristics usually requires sections from several areas and also 
speeial stains. A single section rapidly prc])ared and stained with 
hematoxylin and eosin or polychrome stains during the course of an 
operation generally fails to yield information that will permit even a 
presumptive diagnosis of syphilis. In actual practice, tissue for biopsy 
is generally removed from the margin of the lesion because of the dif- 
ficulty in suturing the defect if the center of the lesion is chosen. 
Generally, the histologic changes at the periphery of the S3'philitic 
infiltrate are at the most only suggestive of a specific infection. This 
statement is borne out b\’ the experience of Windholz,® in whose second 
case the tissue for biopsy removed at operation failed to show the 
typical changes that were later demonstrated in the central portions of 
the lesion at autops3^ The greatest value of a biops3- in S3'philis of the 
stomach lies in its negative worth, i. c., in excluding carcinoma, provided, 
of course, the section chosen is representative of the lesion present. 

Even if biopS3'’ material is obtained from several areas and the 
preparations are stained b3' various methods, the information derived 
from the microscopic stud3' alone is often insufficient on which to base 
a diagnosis. Some of the most expert histopathologists (Fraenkel,®'* 
Erdheim [SparmaiTs^® case] ) require the presence of certain gross 
features before concluding that a lesion is S3'philitic, even though the 
microscopic changes are typical. In the cases of Mtihlmann,®® and Gosset 
et al.,®® the histologic examination proved of limited worth in the identi- 
fication of the lesion, as compared with the gross appearance. Euster- 
man ® in speaking of the patients in his series who were operated on, 
stated, “Resected specimens were obtained in 14 clinicall3'^ authentic or 
probable cases. Biopsy specimens, ser’^eral of them unsatisfactor3', were 
obtained in five others.” The inference to be drawn is that the biopsies 
failed to show microscopic changes that were as distinctive of syphilis 
as the clinical and gross anatomic characteristics. Our own observation 
has been that the more experience one acquires with syphilis of the 
stomach the more weight does one place on the macroscopic features 
in arriving at a diagnosis. In the last three cases that came under our 
observation we were able to make the diagnosis with confidence from 
the gross character of the lesion. The tissue taken for biops3’' in each 
instance was reported by a competent pathologist as showing chronic, 
nonspecific inflammation. In the second case recorded here, the diag- 
nosis of S3’philis is not justified by the histologic appearance of the 

35. Miihlmann, E. : Beitrage zum Schrumpfmagen auf luetischer Basis, Deutsche 
med. Wchnshr. 41:733 (June 17) 1915. 

_ 36. Gosset, A.; Guttman, R. A., and Bertrand, I.: Syphilis gastrique infiltree 

a orme tumorale. Resection. Examen histologique, Arch. d. mal. de TapP- 
digestif 20:714 (June) 1930. 
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tissue taken for hiojisy, yet the other available data, viz., the presence 
of syphilis, the therapeutic resi)onsc. the suhsequent course and espe- 
cially the macroscopic nature, establish the diagnosis almost beyond any 
([uestion of doubt. 

W'e disagree with ICwartin and Heyd.'* who contended that final 
judgment should rest on the microscopic changes, and that the macro- 
scopic picture cannot he accepted as sufliciently clearcut to permit even 
a preliminary tliagnosis. These authors report three cases all with 
macroscopic features generally considered characteristic of syphilis. 
In the first case, the histologic examination confirmed the gross diag- 
nosis. In the second case, however, the microscopic diagnosis of tuber- 
culosis was favored, and in the third a nons))ecific etiology was assumed. 
Without attempting to enter into polemics, we wish to point out our 
reasons for believing that these authors have fallen into error by placing 
most emphasis on the histologic picture. In their case 2, the lesions 
described as histologically characteristic of tuberculosis are not at all 
unlike miliary gummas seen in syphilis of the stomach and other struc- 
tures. Practically identical lesions were described by Fraenkel -* in the 
lymph nodes, as well as in the gastro-intestinal tract, in his case of 
gastric syphilis, in which the diagnosis was almost unequivocally estab- 
lished. The “periarterial, endarterial and panphlebitic changes” such 
as were recorded by Kwartin and Heyd -* in this second case are 
more likely to be syphilitic than tuberculous in origin. The absence of 
tubercle bacilli in histologic preparations likewise throws doubt on their 
diagnosis of tuberculosis of the stomach. In case 3 of Kwartin and 
Heyd again, we are inclined to look on the gross diagnosis as correct, 
although the microscopic appearance is not characteristic of syphilis. 
Hepatic involvement near the round ligament and absence of the left 
lobe of the liver, which were found in their third case, are pathogno- 
monic of hepatic syphilis. The history of a positive Wassermann 
reaction in the husband's blood is also confirmatory evidence, especially 
since the blood of the patient was not tested. The lack of histologic 
changes t 3 'pical of syphilis should not in this case be the decisive factor 
in arriving at a diagnosis. As has been shown in a previous publication 
(Singer in certain stages of the disease the lesions are likely to lose 
their specific microscopic characteristics in the stomach as the}’ do, for 
instance, in the liver and rectum. It should be stated that Kwartin 
and Heyd are aware of many of these considerations and readily admit 
the difficulties in connection with the microscopic diagnosis of syphilis. 

The two cases to be described now are particularly instructive from 
the standpoint of recognition of gastric syphilis at the operating table. 

37. Singer, H. A.: Syphilis of the Stomach, with Special Reference to Its 
Relationship to Linitis Plastica, Am. T. Syph. 13:391 (July) 1929. 
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Case 1. — R. M., n colored woiiiaii, aped .Id. was sent to tiie Cook County Hos- 
pital on July 22, 1931, from one of the local dispensaries with the diagnosis of 
pulmonary tuberculosis. The basis of the diagnosis made by the dispensary phy- 
sician was apparently the e.xtretne degree of emaciation, for the patient offered 
neither subjective nor objective evidence of intrathoracic al)normaIity. It was soon 
apparent to the house physician in the tuI)erculosis division that the cause of the 
patient’s emaciation was an abdominal condition. On this account, roentgen exam- 



Fig. 1 (case 1). — Roentgenogram showing a spigot-shaped deformity of the 
prepyloric portion of the stomach due to sj'philis. 

illation (fig. 1) with a barium meal was requested and the report made on July 23, 
1931, was: “Annular constricting deformit 5 ’ of the pyloric portion of the 
stomach indicative of ‘malignanci-.’’ The patient was thereupon transferred to the 
medical service with the diagnosis of pjdoric obstruction. 

In the medical ward, it was ascertained that the patient began to experience 
epigastric pain three years prior to admission. Vomiting and loss of weight accom- 
panied the pain. Because of these symptoms she was operated on elsewhere, but 
was not clear regarding either the nature of the lesion found or the procedure 
instituted. Following the laparotomy, the vomiting subsided, but only for a short 
period. The other .symptoms were uninfluenced. The pain, which involved the 
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cjiiijastviuin ratht'r (lifTiiscly, was ilescrilicd as crainpIiUc and persisted more or 
less constantly. Neither soda nor emesis afforded relief. IJnring the three years 
of her illness, the ])atient had lost 122 pounds (55..3 Kg.), her present weight 
being Sts ])ounds (39.9 Kg.). No hematemesis had been noted. Physically, the 
essential changes included evidence of moderate anemia, extreme emaciation and 
debility. The pulse was rapid ( 120) and weak. Tlic blood pressure was 90 
systolic and 60 diastolic. Abdominal examination disclosed, in addition to the 
healed midlinc scar of the laparotomy, the outline of the stomach projecting above 
the level of the remainder of the abdomen. No visible peristalsis was observed, 
and no mass was palpated. On the dorsa of both hands were evidences of der- 
matitis. The diagnosis of pyloric carcinoma with symptomatic pellagra was made, 
and the condition of the patient considered terminal. The extreme dehydration 
and debility, it was thought, precluded the possibility of successful intervention at 
that time. Fluids were administered by intravenous and subcutaneous routes, fol- 
lowing which the giving of liquids by mouth was attempted. Although some 
\omiting occurred, a fair proportion of the ingested material w’as retained. No 
(h.ignosis other than that of carcinoma was entertained until Sept. 7, 1931, when 
hematemesis associated with a series of tarry stools appeared. The possibility 
of a benign gastric ulcer loomed into prominence, and a more optimistic attitude 
was assumed. Tbe patient was prepared for surgical intervention and operated on 
on Sejit. 9, 1931, at 8 a. m. 

The surgeon who performed the operation found the stomach to be somewhat 
decreased in size. There were adhesions that bound the stomach posteriorly and 
were particularly marked along the lesser curvature. The serosa was edematous 
and opaque. The pyloric portion of the stomach was thickened and tubular, but 
only slightly increased in consistency. The thickening was not limited to the 
tubular pyloric portion, but e.xtcnded in the form of a plaque to involve the pars 
media, which was also relatively soft. The patient’s condition was considered too 
poor to withstand a gastro-enterostomy. However, the surgeon removed a block 
of tissue from the wall of the stomach for biopsy and closed the laparotomy 
wound. The patient w'as returned from the operating room with an extremely 
rapid and thready pulse. The operating surgeon believed he was dealing with a 
sarcoma of the stomach, and at the conclusion of the laparotomy sought our 
opinions. From the surgeon’s description of the character of the gastric lesion 
we immediately suggested the diagnosis of syphilis. No time w'as lost in examin- 
ing the x-ray plates, which we felt lent support to our impression. We then 
attempted to interview the patient, who, although conscious, was too weak to 
furnish complete and trustworthy information regarding her past. We did learn, 
however, that she had married at the age of 14 and had had one miscarriage and 
no children. She denied knowledge of venereal disease. As a Wassermann test 
had not been performed, we ordered blood drawn for this purpose. The patient 
became progressively weaker and died at 6:50 p. m., ten hours following operation. 
The next morning an autopsy was performed, and later in the day the result of 
the Wassermann test on the blood was reported four plus, and that of the Kahn test 
two plus. 

Amtomic Diagnosis . — The postmortem examination was made twenty hours 
after death by Dr. R. H. Jaffe, whose anatomic diagnosis reads: “Ulcerative 
syphilitic gastritis ; adhesions and stellate scars of the right lobe of the liver ; 
aspiration pneumonia and abscess in the right upper pulmonary lobe ; aspiration 
pneumonia in the left upper lobe; acinous tuberculosis of the right upper pul- 
monary lobe ; brown atrophy and anemia of the liver ; brown atrophy of the heart 
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and serous atrophy of tlie sul)epicardial fat; anemia of tlie kidneys; adlicsions oi 
the base of the right inilmonary lobe; adliesions of hotli tubes and ovaries; 
cholesteatosis of the gallliladder ; marked emaciation ; recent and ancient laparot- 
omy wounds ; pellagra-like changes of the skin of tiie hands." 

Gross Apl’carance of Stoinarh (I'ig. 2). — The unopened stomach was filled 
with preserving fluid for museum jiurposes and its interior e.'camincd after fixation 
by removal of a portion of the anterior wall. 

The stomach had an anomalous form, the jiroximal two thirds being globular, 
the distal one third cylindric. The globular portion consisted of the moderately 



Fig. 2 (case 1). — A syphilitic stomach in which the greater portion of t 
anterior wall has been removed. The granulomatous infiltrate has encircled t le 
pars pylorica (P) and transformed it into a narrow tube. The plaquelike thick- 
ening of the gastric wall extends along the lesser curvature almost to the cardia 
(C). An extensive, superficial ulcer of serpiginous outline occupies a considerable 
portion of the surface of the plateau formed by the granulomatous plaque. The 
esophagus (£) is moderately dilated. 

dilated pars cardiaca and pars media. The cylindric portion represented a thick- 
ened, contracted pars pylorica, which projected like a spout from the remainder 
of the stomach. The lesser curvature was contracted, measuring 10 cm. The 
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jircatcr curvature was 35 cm. lou(r. Tlic serosa over tlie distal portion of the 
stomach was thickened, white and edematous; in one area on the lesser curvature 
side, it was rendered quite opaque. The IhickcniiiR of the serosa extended to 
involve the coverint; of the hepinniuK duodenum distally and especially the lesser 
curvature and posterior wall proxiiually. On palpation, the distal 4 cm. of the 
stomach was firm, elastic and thick. Passing toward the cardia along the lesser 
curvature, the sense of thickness and resistance imparted by the pyloric portion 
gradually diminished as the esophageal end was reached. The same palpatory 
observations were made with regard to a plaqtielikc area involving the anterior 
and posterior surfaces for a distance of 5 cm. from the lesser curvature. The 
margins of this thickened plaque passed almost imperceptibly into the surrounding 
gastric wall. 

W’lien the stomacli was opened, the pyloric portion was found to be trans- 
f.irmed into a more or less concentric tube with a very narrow opening, roughly 
Ilf funnel shape. The jioint of maximum constriction was just at the pyloric ring, 
where the lumen barely admitted a narrow probe. The lining of the tubular por- 
tion was rough and mottled gray-red, was firmly attached to the underlying layers 
and presented areas of wrinkling and puckering. The intact mucosa merged prox- 
imally with an extensive shallow ulcer, which corresponded to the area of plaque- 
like thickening observed on palpation. The ulcer was quite superficial, the outline 
somewhat serpiginous, the margins in places barely thickened, and the floor cov- 
ered by a gray, loosely adherent, lardaceous material. In no place did the base 
of the ulcer extend below the level of the intact mucosa. 

Cross-section of the wall of the stomach showed the thickening of the tubular 
pyloric portion to be due mainly to an increase of both the submucosa and the 
muscularis. The maximum thickness of the muscular coat was 5 mm., that of the 
submucous layer 7 mm. The thickness of each layer diminished very gradually in 
passing proxiiually until the cardiac end of the ulcer was reached. The submucosa, 
on section, was white and homogeneous and appeared fibrous. 

Septums of whitish fibrous tissue were found in places extending into the 
muscularis, which in other respects presented a normal appearance. In the involved 
areas, the mucosa was decreased and the serosa increased in thickness. The portion 
of stomach free from infiltrate showed, on cross-section, a slightly thickened mus- 
cular coat and a thinned mucosa. The submucosa was grossly normal. The 
attached portion of esophagus was dilated to measure 6 cm. in circumference. Its 
musculature was likewise hypertrophied. The perigastric lymph glands were gen- 
erally enlarged, but none exceeded 1.2 cm. in diameter. The glands were semi- 
elastic, gray-pink and moist, and on cross-section presented a relatively normal 
appearance. 

Micyoscopic Obscyvatioiis . — For the sake of brevity merely the outstanding 
changes will be included. Detailed descriptions of practically identical lesions can 
be found in previous reports of other cases that we have studied. The mucosa 
proximal to the large ulcer was thin and contained atrophic glandular elements, 
which were relatively widely separated. The tunica propria was infiltrated mainly 
by lymphocytes. Plasma cells and leukocytes were present in small numbers. In 
one area, the cylindric was replaced by squamous epithelium composed of from 9 
to 14 layers of flat cells, which rested on a dense connective tissue base (leuko- 
plakia). In the ulcerated portion, the mucosa was completely destroyed or sub- 
stituted by a layer of fibrillar connective tissue, which merged with the submucosa. 
The muscularis mucosae in the ulcerated area was incomplete, being replaced in 
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part bj' fibrous elements. Wlicre still jjrcscrved, the muscle fibers presented a 
bypcrtropbic appearance and were separated by connective tissue. 

Tbe submucosa constituted tbc base of the ulcer over all but a limited portion 
of its extent. The floor of tbc ulcer was covered by a thin layer of fibrinoid 
necrosis and degenerated leukocytes. Tbc submucous coat began to increase in 
thickness just proximal to tbc margin of ulceration. As tbc center of the defect 
was approached, tbe maximum thickness of tbc submucosa was attained. Here it 
occupied three fifths or more of the gastric wall. This increase was due to young 



Fig. 3 (case 1). — A photomicrograph of an area in the submucosa illustrating 
particularly the panvasculitis (hematoxylin and eosin preparation). B}' 
stains (elastica and van Gieson) the infiltrating cells are found to be within an 
surrounding the walls of blood vessels (see fig. 4). An endarteritis has led to 
sufficient intimal proliferation to obliterate the vascular channels. 

granulation tissue rich in fibroblasts, infiltrated by scattered and grouped h'mphoid 
cells. The blood vessels in this layer showed evidence of severe damage. Indee , 
it was only 83 ' means of special stains (elastica and van Gieson) that the presence 
of some of the preexistent vessels could be demonstrated. The panvasculitis 
well exhibited in the accompan 3 'ing photomicrographs (figs. 3 and 4) that a detai e 
description would prove superfluous. It ma 3 ’ be necessar 3 - to add that the in 
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tratiiiir cells were mainly lymplioitl in type. Plasma cells and macrophages were 
relatively sparse. 'Flic veins were involved to a greater extent titan tlic arteries. 

The mnscnlaris irropria presented slight thickening of its fibrous septums, within 
which were found small numhers of lymphoid cells. The serosa was increased to 
several times its normal thickness owing to proliferated fibrous elements and many 
leukocytes and lymphoid cells. The only other pertinent microscopic changes were 
noted in the perigastric lymph nodes and the liver. In the former, the follicles 
of the cortex were small, and their centers were formed chiefly by swollen and 
proliferated reticulum cells. The medulla contained numerous plasma cells. Sec- 
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Case 2. — J. T.. a colored niaii, af;ed 28. was adinitlcd to tlie medical service 
of the Cook County Hospital on .lime 11, IWt). On entrance to the hospital his 
condition was diagnosed as peptic nicer. He asserted that the very first indication 
of a gastric distiirhance occurred in Decemher of 1929 about six months prior to 
his hospitalization. He then began to notice ejiigastric distress occurring from 
fifteen to thirty minutes after meals and continuing for aiiproximately an hour. 
The pain was sharp during the first fifteen minutes and gradually subsided follow- 
ing that time. Soda afforded only incomplete relief. Bland foods were better 
tolerated than coarse or irritating foods. 



Fig. 5 (case 2). — .^n irregular, annular constriction of the prepyloric region 
produced by gastric syphilis prior to treatment. 

Vomiting first made its appearance on .April 10, 1930, about four months after 
the onset of the epigastric pain. Emesis was repeated several times during that 
da\ and the following day also. Constant pain was present throughout the period 
of \omiting. The patient consulted a physician, who prescribed Sippy management 
for ulcer. The patient felt greatly improved, although he continued to vomit at 
intervals until after the second week of treatment when he was entirely relieved. 
.After three weeks he returned to an unrestricted diet, following which his pain 
reappeared. On June 7, 1930, four days prior to entrance, persistent vomiting 
recurred, on account of which the patient sought admission to the hospital. 

■ RC’ieral inventory of symptoms by systems yielded no significant information, 
le patient admitted a gonorrheal infection a year previous, but stated that he had 



M F.yiiR-SI Xul'.R—SVI'll I I.IS Oh' STOMACH 


AG\ 

no knowledge of n cliancro. 'i'lio results of physical oxann’natiou were essentially 
nev;ative, except for nunlerate tenderness in the epigastric region. The first liwald 
nieal, recovered after forty-five ininutes, yielded .illO cc. of poorly digested material 
with a free acidity of 30 degrees and a total acidity of 70 degrees. A motor meal 
aspirated six and one-half hours after ingestion contained recognizable food ele- 
ments in the form of spinach and raisins. A series of stools were weakly hnt 
])crsistently iiositive for blood. The Wassermanii reaction of the blood was reported 



Fig. 6 (case 2). — X-ray film taken two and one-half months after that shown 
in figure 5, following gastro-entcrostomy and a course of aiuisyphilitic treatment. 
The degree of narrowing of the prepyloric segment has increaseil and the deformity 
has assumed a bizarre outline. 

four plus; the Kahn, two plus. The filtered gastric contents gave negative com- 
plement fixation, with the use of 0.5 cc. of the fluid. A barium meal revealed 
(fig. 5) a constant deformity of the jiyloric portion of the stomach with obstruction, 
which were interpreted by the roentgenologist. Dr. C. H. Warfield, as being due 
to either syphilis or carcinoma. 

The patient continued to vomit irregularly on a regimen for patients with ulcer, 
which included a bland diet. Without attempting antisyphilitic treatment, his 
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attending physician rccoinincnded exploration. Tlic i)aticnt ^vas transferred to the 
surgical service on June 27, 1920, with the diagnosis of gastric syphilis or car- 
cinoma. On the following day, laparotomy was performed hy one of us (K. A. 
M.). The stomach, which was somewhat enlarged, was found to be free from 
adhesions. Inspection showed the serosa of the prepyloric portion of the stomach 
to be thickened, whitish and edematous. No tumor mass was visible. Palpation 
indicated increased thickening of the jircpyloric region, but the wall remained 
fairlj" pliable. The consistency of the involved area was doughy to semiclastic 
rather than firm ns in a scirrhus. The thickening c.xtended to and encroached on 



Fig. 7 (case 2). — -Histologic appearance of the biopsy specimen removed from 
the stomach at operation. Except for the upper margin, which consists of gastric 
tubules and muscularis mucosae, the section is comprised of thickened submucosa. 
The increase of the submucous layer is due to connective tissue proliferation and 
cellular infiltration. A perivascular arrangement of the round cells is noted m 
connection with a venule (F). 

the pyloric sphincter, causing narrowing of the orifice. No actual tumor mass 
was palpable. Incision in the longitudinal axis of the stomach into the involved 
area at its proximal margin showed that the thickening of the wall was due mainly 
to an increase in the submucous layer, which presented the appearance of edem- 
atous, rolls tissue. Inspection of that portion of the lesion situated distal to 
t le incision showed a superficial ulcer of serpiginous outline, covered with 3 
g , . 1 , ar aceous membrane. Tissue for biopsy was removed from the proximal 
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niarpin of llic infiltrate aiul llie ftastrotoiny o|)cning closed. The glands along both 
curvattirc.'. in the preiiyloric region were enlarged up to 1 cm. in diameter. They 
were pinlc and relatively soft; on cross-section of one of them, no tumor deposits 
were noted. There were a nmnher of scars in the capsule of the liver involving 
mainly the left lobe. A jiostcrior gastro-entcroslomy was performed. In the 
meantime, the frozen section of the specimen taken for biopsy was reported as 
showing chronic inflammation with no evidence of carcinoma. 

The patient made an uneventful recovery. During convalescence he was placed 
on antisyphilitic treatment, which was continued until he left the hospital on Aug. 9, 
1930. Ivocntgcn e.xamination (fig. 6) of the stomach on Aug. 30, 1930, showed 
the prepyloric region to be irregularly deformed and the degree of narrowing to 
be greater than in the original examination. The barium left the stomach mainly 
through the gastro-enterostomy opening, which appeared to function adcquatelj'. 

The material removed for biopsy was used for histologic and bacterioscopic 
examinations and for biologic tests. The testicular inoculation of a saline suspen- 
sion of the finely divided tissue into two rabbits failed to lead to the development 
of a scrotal chancre. Dark field examination of a portion of the suspension did 
not disclose Spirochaeta pallida. Sections stained according to Levaditi contained 
no demonstrable spirochete. 

Microscotiic Observations . — Material submitted to Dr. A. S. Warthin was 
reported by him as follows: “No positive signs of syphilis histologically. Lymph 
node shows nothing suspicious of syphilis and there is nothing in the scar that 
would indicate lues. Moreover, spirochete examination is entirely negative." Sec- 
tions from other areas sent to Dr. Warthin drew the following comment: “Addi- 
tional material : Chronic inflammation. Fibrosis. Callus of healed ulcer. No 
evidence of syphilis.” Our own description of the histologic preparations of the 
remaining tissue follows : The wall of the stomach was moderately thickened 
owing to an increase mainly of the submucous layer. The mucosa showed increased 
cellularity of the tunica propria. The infiltrating cells were chiefly of the lymphoid 
type, although eosinophilic leukocytes were relatively abundant. The muscularis 
mucosae was interrupted and divided by proliferated connective tissue and con- 
tained many foci of round cells. The submucosa was several times the normal 
thickness owing to an increase in the fibrous elements together with infiltrations 
by scattered and grouped lymphoid and plasma cells. The blood vessels in this 
layer were increased in thickness, but showed no tendency to obliteration. Occa- 
sionally, the infiltrating cells assumed a perivascular arrangement (fig. 7). In 
general, the walls of the vessels were free from invasion by wandering cells. The 
muscularis propria supported accumulations of round cells, but was otherwise 
unchanged. The serous coat was edematous and slightly thickened by virtue of 
the presence of proliferated connective tissue and infiltration by lymphoid cells. 


COMMENT AND SUMMARY 

The responsibility of recognizing the presence of syphilis of the 
stomach at the operating table logically falls on the surgeon. A frozen 
section made of tissue removed for biopsy during operation is of rela- 
tively little aid in establishing a diagnosis of gastric syphilis. The value 
of the microscopic preparation, provided the block of tissue is properly 
chosen, lies chiefly in the exclusion of carcinoma. The diagnosis can 
best be made by a consideration of the gross characteristics of the lesion. 
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It is on this account that a knowlcdtji: of llic macroscopic attributes of 
the condition is of considerable importance to the gastric surgeon. 

The features tliat serve to distinguisli .syphilis (^f the stomach from 
carcinoma, which is mo.st closely simulated, are as follows: There is a 
striking disparity in many cases between the e.xtent of the lesion as 
determined roentgenologically and the extent as observed operatively by 
palpation. \\ hereas in carcinoma one generally finds at laparotomy a 
more extensive involvement than the x-ray jiicture indicates, in syphilis 
of the stomach there is a surprising jxiucity or complete absence of 
changes as determined by palpation. The common lesion of gastric 
syphilis is not a spherical prominence as in a tumor, gummatous or 
neoplastic, but is a flat infiltrate that leads to a ])laquelikc thickening of 
the gastric wall, ^^'hen thin, the infiltrate is readilv overlooked. \Vlien 
thick, its relatively soft consistency and pliabilitv distinguish it from 
carcinoma. On cross-section, the increase is seen to be due to an 
edematous fibrous tissue located chiefly in the submucosa. Inspection 
of the interior of the stomach generally discloses one or more super- 
ficial, serpiginous ulcers involving a large j^art of the plateau formed by 
the infiltrate. The base of the syphilitic ulcer, contrary to the peptic 
variety, is situated at a higher level than the normal mucous membrane. 
Fibrous and edematous thickening of the serosa and adhesions, when 
present, suggest an inflammatory rather than a neoplastic lesion. Asso- 
ciated syphilitic changes that may be detected during the course of the 
operation include hepatic, intestinal and splenic syphilis. Of these, the 
co-existence in the liver of gummas, deep stellate scars or subtotal 
destruction of the left lobe is of greatest aid in the recognition of the 
type of gastric disease present. 

In the two cases described here, the gross features of the gastric 
lesion led to the correct diagnosis in each instance. The first patient 
was operated on by- a surgical colleague who, on palpating the stomach, 
immediately apprehended that he was dealing with an unusual condition. 
A verbal description of the physical characteristics led us to predict 
vith confidence that the involvement was sy’philitic. The diagnosis in 
the second case was based chiefly on the obser^'ations made at operation, 
since from biopsy the condition was reported as simple nonspecific 
inflammation. The associated data, particularlv the beneficial effect of 
antisyphilitic treatment and the subsequent course, lend strong support 
to the macroscopic diagnosis. 
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In siiite of advance in knowledge and the great increase in surgical 
operations with their cotiseqvtent revelations, there are many diseases 
of the knee joint that catinot be diagnosed definitely. The study of 
])athologic specimens which include the entire joint is of significance, 
hut such specimens arc relativel}' rare. The knee joint is seldom exam- 
ined at necropsy, and various surgical procedures, although affording 
macroscopic exatnination, give little material for pathologic research. 
The operation of resection, however, makes it possible to secure a large 
etiough s]iecitnen so that a conception may be formed of the pathologic 
changes in the joint. The important structures of the joint are all 
included in such specimens and they can be studied collectively to 
visualize a definite picture of the changes present. Resection has been 
performed extensively at the Mayo Clinic for many years, during which 
valuable data have accumulated. 

MATERIAL STUDIED 

Records of 236 resections or fusion operations and 9 amputations 
performed for disease of the knee joint in the years from 1919 to 1931, 
inclusive, were reviewed. Many of the pathologic specimens were 
fragmented or incomplete, but 120 were intact, and these were selected. 
In order to form a basis for comparison in the cases of tuberculosis of 
the knee joint, the histories of all such cases seen during this same 
period were reviewed. In 117 cases some type of minor surgical opera- 
tion was carried out, such as aspiration or cast, and in 139 no treatment 
was given, patients having been seen in consultation and advised to have 
treatment elsewhere. A total of 501 case histories was examined. 

In 245 cases in which operation was performed, the incidence of 
trauma or infection as inciting or predisposing factors, the duration 
of symptoms and the age and sex of the patients were noted. In 16S of 
these cases (68.6 per cent) tuberculosis was found by microscopic study 
or by inoculation of guinea-pigs. In 66 ca.ses (27.7 per cent) non- 


From the Section on Ortliopedic Surgen', the Mayo Clinic. 
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tuberculous iiinaiunialoiy lesions were the cause of the destructive 
process. Ihese cases included the cnd-re.sults of septic joints, old 
traumatic joints, extensive ])roIiferativc arthritis and fdd osteomyelitis 
with involvement of the joints. Xine cases were listerl as atrophy: 8 of 
these were anterior iwliomyclitis in which fusion or resection of the 
knee was performed, and there was a case of painful atrophy due to 
disuse in which resection had been done. Besicles these cases, there 
were 2 of Charcot’s joint. 

Of the tuberculous patients, males outnumbered females 2.5: 1. The 
ratio in nontuberculous patients, however, was 1.2: 1. d'lie 2 patients 
with Charcot’s joints were males, d'he groujr of patients with atrophy 
from disuse included 4 males and 5 females. Most of the patients 
operated on were between the ages of 20 and 40 years; 6S.6 per cent 
were in the tuberculous group, and 57.7 jicr cent in the nontuberculous 
group. 

ONSET 

In 1807 , Cooper ' pointed out the tuberculous predisposition to be 
noted in many cases and the effect of injury in producing local lesions. 
Trauma has since been emphasized by many writers as a predisposing 
factor in disease of the knee joint. Schuller ■ and Krause. “ who injected 
the bacillus of tuberculosis into animals, reported that injury to bone 
and joint tissue was a definite localizing factor. Friedrich,'* on the other 
hand, found that traumatized joints were less likely’^ to become involved, 
and Fraser ^ regarded trauma as of more significance in disseminating 
disease if a quiescent focus existed, than in localizing the disease 
primarily. It was his belief that slight trauma localizes a tuberculous 
process, but that severe trauma causes a reactive state in the tissue 
which destroys the bacillus of tuberculosis. Salvia ® stated that trauma 
in flat bones always determines the site of the lesion, whereas in long 
bones no definite influence is exerted. 

1. Cooper, Samuel: A Treatise on the Diseases of the Joints, London, R- 
Phillips, 1807. 

2. Schuller, M. : Experimentelle und histologische Untersuchungen iiber die 
Entstehung und Ursachen der skrofulosen und tuberkuldsen Gelenkleiden, Stutt- 
gart, Ferdinand Enke, 1880. 

3. Krause, Fedor: Die Tuberkulose der Knochen und Gelenke, Leipzig, F. C. 
W. Vogel, 1891. 

4. Friedrich, P. L. : Experimentelle Beitrage zur Kenntnis der chirurgischen 
Tuberkulose, Deutsche Ztschr. f. Chir. 53:512 (Nov.) 1899. 

5. (o) Fraser, John: An Experimental Study of Bone and Joint Tuberculosis, 
J. Exper. kled. 17:362 (March) 1913. (b) Tuberculosis of the Bones and Joints 
m Children, London, A. & C. Black, Ltd., 1914. 

6. Salvia, Edoardo : L’influenza dei piccoli traumi sulla localizzazione della 
tuberculosi, Policlinico (sez. chir.) 11:367, 1904. 
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In mir series nf eases, only 39.8 per cent of tlie patients with tuber- 
enlosis and 39.4 jicr cent of those without tnbercnlosis gave a history 
of ]irevions injury whieli might in any way liave l)een an inciting cause. 
.8neli injuries varied from a sligiit l)rui.se to a fall from a telephone pole, 
l^ractically the same percentage of tranmatic background was presented 
by male and female jiatients, whicli suggests that the scyerit}' of the 
injury matters little so far as a predisposing factor is concerned. Some 
writers are derniitely of the opinion that slight sprains or bruises are 
more lilcely to be localizing factors than fractures or dislocations. 

Taiii.e 1. — Ousel of Disrasc 

Tul)crciiious Xonlnlicreuloiis Arllirltls 

Cases Per Cent Cares Per Cent 


Triniinn 

Total C7 RB.S 30.t 

.Male J0.« JO 44.4 

Pcmalc J!i iiS.O 10 33.3 

PollowlnK infection S J.7 12 18,2 

laiountliic 03 53.1 28 12.1 


Taui-e 2. — Infectious Tyfc 


Tiilierciilons Kontuberculons 


I'oIlowiiKt 

TS'pl'ol'l fever l 1 

Scarlet fever 1 

Osteomyelitis . . 3 

Pneumonia 2 

Gouorrliea .. 2 

Rheumatic fever . . 2 

Inlluenza.. 1 l 

Influenza, .ocarlet fever ami tonsillectomy l 

Scarlet fever ami typlioid fever • • 1 

ilfcaslc.? ami hroiieliftls l 

Encephalitis •. 1 

Tonsillitis .. 1 

LymphanKltls of leg 1 


Four and seven-tenths per cent of the patients with tuberculosis and 
18.2 per cent of those without tuberculosis were observed from a few 
days to several months after some form of acute infection had been 
manifested elsewhere in the body (tables 1 and 2). It may be noted 
that in 5 of the S cases of tuberculous arthritis with preceding acute 
infection, the condition followed a respiratory disease, whereas in only 
1 of the 12 cases in which tuberculosis was not present was this true. 

DURATION OF THE DISEASE 

In 55.S per cent of all cases tiie disease had e.xisted prior to 
operation more than five years. The shortest duration of symptoms 
in the tuberculous cases was three months, the longest, thirty-nine years, 
and in the nontubcrculous cases, four months and thirty-three years. 





.iRciiiriis or srh'(;iiRy 


4()8 

respectively. J’atients with Ciiarcot's joints j.,'ave a history of duration 
of five and two years. 

In the 256 cases in wliich tuberculosis was present and o])cration 
was not performed, variation from these lit,Mires was noted only in age 
incidence and duration. The jwoportions of males and females were 
the same, and the jKM'centa.ge of cases in which incitin.g trauma was 
apparent was even lower. 36.6 per cent. In this group only 35.8 per 
cent of the jjatients were between the ages of 20 and dO years ; the major- 
ity. 50.3 per cent, were in the first two decades of life. The youngest 
patient was aged 14 months and the oldest 73 years. In only 25.6 per 
cent of this group of cases was the duration of the disease more than 
five years : the shortest duration was two weeks, and the longest was 
more than thirty years, 'riiese facts seem to show that age was an 
important factor in the selection of cases for oiieration. Only 0.6 per 
cent of the patients in the operative grouj) were aged less than 11 years, 
as compared with 30.9 per cent of those not operated on. Furthermore, 
the higher incidence of short duration of symptoms among patients not 
operated on reveals the tendency to avoid radical jiroccdures as long as 
possible with the hope of relief by some other means. This is most 
striking when the duration was one year or less ; there w'ere 30.2 per 
cent of these patients among those not operated on. as compared with 
5.3 per cent among those who were operated on. 

GROSS SPECIMENS 

From 245 cases in which operation was performed, 120 whole speci- 
mens were obtained. These included the articular surfaces of the tibia, 
most of the articular surfaces of the femur, varying amounts of s 3 movial 
membrane, and in more than half of the cases, the entire patella. One 
hundred and two of the specimens were tuberculous, 17 were nontuber- 
culous and 1 specimen was a Charcot joint. Since the clinical symptoms 
had existed from three months to thirty-nine years, the pathologic 
changes in the specimens were varied. In some cases there was marked 
destruction of all the structures of the joints. In others the tissues 
were practically intact. In comparing the specimens and histories, we 
found the progress of the nontuberculous types of infection more rapid 
than the tuberculous type as a general rule. This same observation was 
made by Koenig ■ in 1884. His work on the subject of tuberculosis of 
bones and joints has received widespread corroboration and but little 
significant contradiction. 

.\s a rule, in cases of tuberculosis of short duration of symptoms, 
there is onh* slight pathologic change; usually early pannus formation 

7. Koenip, Franz: Die Tuberculose der Knochen und Gelenke, Berlin, A- 
Hirsclnvald, 1884. 
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is ])vescnl. nr slight invasion of margins of bone. The cartilage is 
intact in n\ost cases. In the cases in which tuberculosis is not j^resent 
there is. as a rule, advanced change in (he structures of the joint, par- 
ticularly the cartilaginous structures, with some destruction of bone 
(ligs. 1 and 2). In advanced cases marked destruction may accompany 
both types of infection, and they arc often indistinguishable grossly, 
bixeeptions. however, arc not uncommon. In several cases of tuber- 
culosis of long duration there was little destruction. In one case, in 
which the clinical history covered more than fifteen years, onty the 
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Berry * stated tliat most older writers, inckidin.^ Billroth, favored a 
synovial origin, whereas \ olhniann, Schuller, \ irchow and several others 
felt that the primary lesion was in the hone. More recently, hraser" 
has advanced the opinion that tuberculosis of the joint is definitely 
synovial in origin. Rogers,” Stiles and Smith believe this to be true 
in the majoritv of cases. Nichols,'" on the other hand, thought that a 
focus in bone existed in every one of bis sj)ecimens. Koenig ‘ stated 



Fig. 2 — Nontuberculous specimen of one year’s duration (compare 


8. Berry, J. J. : Articular Osteitis of the Knee in Children, M. Rec. 17.113, 
1880. 

9. Rogers, !M. H. : Tuberculosis of the Knee-Joint in Adults, Am. J. Orthop- 
Surg. 12:589 (April) 1915. 

10. Stiles, H. J.; The After-Results of Major Operations for Tuberculous 
Disease of the Joints, Brit. M. J. 2:1356 (Nov. 16) 1912. 

11. Smith, A. DeF. : The Pathology of Joint Tuberculosis in Its Earlier 
Stage, Arch.. Surg. 12:740 (March) 1926. 

12. Nichols. E. H.: Tuberculosis of Bones and Joints, Tr. Am. Orthop. -A. 
11:353, 1898. 
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llirit the origin iniglil Iir r-ithcr in Imnc or synovia ; Ely and Pheinister “ 
also adopted this view. In 56 jier cent of onr gross tuberculous speci- 
ineus the ]irocess was advanced, both in bone and synovial ineinbrane. 
s<i that it was iiniiossihle to ascertain the primary site. Of the remaining 
specimens, 37.2 per cent ai)pearcd to be primarily in the .synovial mem- 
brane. whereas only 6.S per cent disclosed evidence of a primary lesion 
in the bone. The distinction is diflicult and, as will be shown, is of little 



Fig. 3 — Tuberculous knee of fifteen years’ duration. There is destruction of tlie 
external surfaces and the patella. The cartilage of the internal surfaces is well 
preserved. 

practical significance. In all of our specimens both s.vnovial mctnbranc 
and bone were involved, so that from the surgical standpoint tubercu- 
losis was not limited to either bone or synovial membrane : undotibtcdly 

lo. Ely, L. \V. : Joint Tuberculosis, with Special Reference to Its Pathology. 
M. Rec. 76:551 (Oefi 2) 1909. 

14. Pheinister D. B.: Changes in the Articular Surfaces in Tuberculous 
Arthritis, J. Bone & Joint Surg. 23:S35 (Oct.) 1925. 
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this may occur. Init almost invariably it is before a diagnosis can be 
made. When tuberculosis becomes suflicieiUly advanced to make possi- 
ble a clinical diagnosis, it has sjiread to both structures. Pastiuali,’’ in 
a recent report of 156 resections of the knee at the Instituto Rizzoli, 
mentioned 3.8 per cent as purely synovial in origin. 3.2 ])er cent as in 
the bone and 93 per cent as osteo-artbritic. 

In 94.1 per cent of the cases in which tuberculosis was not present, 
the lesion appeared to be of synovial origin. In only a single case was 
there question of a focus of infection in bone. In all cases opinion 
was based on the condition of the articular surfaces, the appearance 
of the cut surfaces and the condition of the bone as seen by sections 
through the surfaces of the joint. 

\ arious writers have observed certain sites of jrrcdilcction for the 
origin of tuberculosis. Ely stated that the bead of the tibia is the most 
common starting point. Fraser thought the lower end of the femur 
was the most common primary site of the disease. Kolodny believed 
the external epicondyle to be the favorite site because of its more 
extensiA'e circulation. Henderson noted that it is not extremely rare 
to find the disease originally in the patella. In 52.6 per cent of our 
tuberculous specimens, the site of the primary' lesion could not be deter- 
mined. In 34.4 per cent the site was apparently in the tibia, in 10 per 
cent it was, in the femur and in 3 per cent in the patella. In the non- 
tuberculous specimens the point of origin seemed to be equally' dis- 
tributed between the tibia and the femur ; the patella was primarily' 
involved in a case. Because of the rapid progress of the disease, it was 
difficult to ascertain the primary' site. 

It is the general belief that in the presence of inflammatory' lesions 
of the joints, cartilage is never primarily affected but is passively 
invaded and destrdy'ed by' surrounding disease. In study'ing the tuber- 
culous specimens, we found that the cartilasre seemed to be attacked 
from three sources; (1) the overlydng pannus formation spi'inging from 
the synovial membrane at the margins; (2) the subchondral granulation 
tissue spreading along beneath the cartilage and usually' arising from 

15. Pasquali, E. : Esiti della resezioni viella tuberculosi del ginocchio, Bibliog. 
Ortbop. 11:193 (June) 1931. 

16. Ely, L. yV.; Joint Tuberculosis, New York, William Wood & Company, 
1911. 

17. Fraser, John; Observations on the Situation of the Lesions in Osseous 
Tubercle. Edinburgh H. J. 9:436 (Nov.) 1912. 

18. Kolodnj', Anatole: A Contribution to the Knowledge of Pathogenesis of 
Skeletal Tuberculosis, J. Bone & Joint Surg. 23:53 (Jan.) 1925. 

19. Henderson, kl. S. : Tuberculosis of the Knee Joint in Children, Minnesota 
yted. 3:463 (Oct.) 1920. 
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the margins of tlic surface of the joint, at times lifting the cartilage 
free of the hone and ;it times perforating the cartilage, and (3) the 
destruction taking ])lace through erosion of the surfaces of the joint 
chiedy at the areas of pressure. In the nontuherculous specimens 
]>annus formation was slight, the cartilage apparently being destroyed 
chiefly hy the ciTect of pressure or hy digestion due to toxic products 
of infection within the joint, or hy both of these factors. In the tuber- 
culous specimens the ijersistence of portions of the cartilage over many 
years was often observed. In the nontuherculous specimens, however, 
whenever cartilage had been destroyed, it had been removed and replaced 
by fdn'ous tissue, or ankylosis was present in various stages of activity. 

Phemister demonstrated the basis for these different reactions. 
In our tuI)crculous specimens tliere was good preservation of cartilage in 
16,6 per cent of the cases, destruction of varying severity in 80.4 per 
cent and only jiartial involvement of the surfaces in 3 per cent. In the 
nontuherculous specimens there was fairly good preservation in 11.7 
per cent, destruction (usually more severe than in the tuberculous speci- 
mens) in 70.6 per cent and only partial involvement in 17.7 per cent. 
In the nontuherculous specimens destruction was ahva3's greater at the 
areas of pressure of the surfaces of the joint. This corroborates the 
observations of Phemister, who found that the cartilage attacked by 
proteolytic ferments of the exudate of the joint is vulnerable to the 
pressure from the opposite surface of the joint and the most extensive 
erosion takes place at this point. In tuberculosis, however, he found a 
marked scarcity of these proteolytic ferments, which might account for 
the slow progress of the disease and the preservation of cartilage at the 
areas of pressure. 

In our tuberculous specimens, there was no definite rule as to the 
point of greatest destruction of cartilage. Koenig first expressed 
the opinion that in tuberculosis the cartilage is destroyed chiefly at areas 
where pressure is absent. According to Phemister,” ‘‘articular cartilage 
may be affected; (1) by the direct action of tubercle toxins. (2) by 
tuberculous granulation tissues and (3) b}- the pressure erosion in 
opposing articular surfaces.” He explains the growth of the pannus 
over the surface of the joint, the areas of pressure being kejrt clear of 
pannus by friction, but as the joint becomes more involved and less 
motion takes place more of the auricular surface becomes covered. 
Phemister has shown how. in severe cases, there may be two t\-pes of 

20. Phemister. D. B.; The Effect of Pressure on .Articular Surfaces in 
Pyogenic and Tuberculous Arthritides and Its Bearing on Treatment. Ann. Surg. 
80:481 (Oct.) 1924. 

21. Koenig. Franz: Die Tuberculosc der Knochen und Gclenkc. Berlin, .\. 
Hirsclnvald, 1896. 



474 


.•)/v’(7///7:'.v or srrcrrv 


change whicli greatly alter the lecture from that which is seen in the less 
severe forms, i. e. : 

First, there may he caseation of the tiiherculoiis fjraiuilations, and tliosc over- 
growing tlie surfaces of the articnlar cartilage are e(|nally afTected with those 
involving the synovial memhranc. 'J'his early caseation may either entirely prevent 
the overgrowth of grannlations on the cartilage or rapidly remf)ve those that have 
formed, so that destruction hy direct attack of tnhcrcnlons tissue along the free 
surface of the cartilage is either limited in amount or entirely lacking. A second 
effect of severe tuberculous arthritis may he the iirodnction of necrosis of large 
areas of articular cartilage, jjartly hy the action of the tubercle toxins and partly 
by cutting off of nutrition from the normal .synovial fluid. . . . When the infec- 



Fig. 4. Tuberculous knee of ten years’ duration. Marginal pannus formation 
and cartilaginous destruction with preservation at the areas of pressure are shown. 

tion is sufficiently severe to kill articular cartilage, it may do so in the regions of 
contact and pressure of opposed articular surfaces, as is the case in severe pyogenic 
arthritis. 

Our specimens have demonstrated that the preservation of cartilage 
at the areas of pressure cannot be depended on as a diagnostic factor in 
favor of tuberculosis of the knee (figs. 4 and 5). In 29.4 per cent of 
the cases there was greater destruction of cartilage at the margins of the 
jcjint. In 20.6 per cent the destruction was definitely greater at the areas 
of pressure. In 44.1 per cent distinction could not be made because of 
achanced destruction, while in 5.9 per cent the different surfaces of the 
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joint ])ro.';ontO(I dissimilni' cli.'mp:c“s, some showing greater destruction at 
the center and otlicrs at the ])criphery. 

'riie coinjiaratively large number of cases in which there was central 
destruction suggested that prolonged weight-bearing might be a cause 
of the variation. ILxamination of the histories disclosed that about 
half of the patients liad been receiving treatment designed to relieve 
the effect of weight-bearing. Approximately the same proportion of 



Fig. 5. — Tuberculous knee of one year’s duration. Destruction of cartilage at 
the areas of pressure and contact with preservation at the margins are shown. .A 
tuberculous pannus has extended across the external condyle just above the 
pressure. 

exposure to pressure existed in the presence of destruction of margins, 
so that this factor was probably not responsible for the divergent carti- 
laginous changes. 

In 85.2 per cent of the cases in which there was greater marginal 
destruction, the pannus was nodular and luxuriant ; it was caseous in 7.4 
per cent and fibrous in 7.4 per cent. The original lesion was apparently 
synovial in 70.3 per cent and questionable in 29.7 per cent. In 45 i)er 
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cent of the cases of greater central destruction, the pannus was nodular 
and luxuriant ; it was caseous in 25 i)er cent. Iihrnus in 5 per cent and 
entirely absent in 25 jier cent. The original lesion was apparently 
synovial in 55 ])er cent, bony in 5 ])er cent and (|uestionable in 40 
per cent. 

There are several possible reasons for the increased destruction at 
areas of pressure. As Pheniister has claimed, there is a higher per- 
centage of cases of central destruction with caseous pannus than of 
marginal destruction ; this means less i)cripheral destruction and greater 
toxicity’ of joint fluid with less resistance of the central cartilage to 
pressure. The number of cases in which there is no jrannus formation 
is significant. Ordinarily the marginal jrannus forms a peripheral 
cushion which receives part of the weight from the opposing surface 
of the joint, and tends to relieve the strain on the area of pressure. 
^\hen it is absent, the central area is in no way protected from the 
effects of pressure and subchondral disease. Finally, a greater per- 
centage of questionable foci in bone in cases of central destruction may 
be of some significance. The effect of the subchondral changes will be 
considered under microscopic sections. In our nontuberculous speci- 
mens there was pannus formation in only 2 cases (12 per cent). These 
were firmly'’ attached to the surfa,ce of the joint. In the tuberculous 
specimens it was seen in 35 cases (34.3 per cent). The pannus was 
attached only to the synovial reflection in half of these cases : in the 
remainder it was closely' adherent to the cartilage. In 16.6 per cent of 
the tuberculous specimens abscess of bone was present : it was present 
in the tibia in 12.7 per cent, in the femur in 1 per cent and in both 
bones in 2.9 per cent. 

The presence of sequestrums in tuberculous joints has been recog- 
nized by' many' writers and noted with vary'ing frequency. In 29 cases 
(28.4 per cent) we observed these either as bits of bone more or less 
detached, or more frequently' as areas of eburnated bone along the sui- 
face of the joint ; they' were seen in the tibia in 5.9 per cent, in the 
femur in 6.8 per cent and in both bones in 15.7 per cent. Usually' these 
areas of sequestration were easily' seen. In several instances, howevei. 
they' were completely' covered with cartilage and were only' discoveied 
by' inspection of the cut surface of the bone or by' making a section 
through the joint. Ordinarily' such cartilage was badly' destroy'cd but 
in 1 specimen, an early' case, it was apparently' intact. Sequestrums 
appeared in areas of pressure in all except 2 cases, and in these it is 
possible that the area of pressure had been shifted somewhat, owing 
to the relaxation of the capsule of the joint. In 13 cases (12.7 pc' 
cent) ne observed the presence of “kissing seejuestrums.” or opposing 
areas of sequestration, in the tibia and femur. Of these, 2.9 per cent 
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wen- (in tiu' internal .surfaces, X.S per cent on the external surfaces and 
1 per cent was on both the internal and external surfaces. All of these 
occurred on areas of pressure. In the nontubercnlous specimens only 
1 serptestrnm was found. This was in the external tuberosity. 

All of the surfaces of the Charcot joint contained hypertrophied 
bone. The articular cartilage was entirel}" absent e.xcept in spots at the 
pcri]ihery where some iibrocartilage still remained. The ends of the bones 
were extensively eliurnated, but seeptestrums were not observed. Several 
questionable loose bodies were seen in the fibrous attachment to the tibial 
tuberosity. No vestige of the capsule of the joint or ligamentous struc- 
ture remained. The jiicture was one of advanced destruction of soft 
tissue with overgrowth of bone. 

ROENTGENOGRAMS 

A review of the roentgenograms available in these cases showed that 
again there are many exceptions to the usuall)' accepted rules. One is 
led to believe that in tuberculous joints there is a characteristic picture 
of haziness or cloudiness, with later erosion of margins and preserva- 
tion of the joint space. In the final stages advanced destruction of bone 
may be evident. Atrophy of bone is usuall}^ considered an essential 
accompaniment of tuberculosis of the joint. In the nontubercnlous joint 
early obliteration of the joint space often with ankylosis of bone is the 
more commonly accepted picture. 

We found it difficult in the early cases to pick out any constant 
diagnostic features in the roentgenogram which could be said to identify 
either type of lesion. In the advanced cases again marked difference 
did not exist, but in the moderately advanced cases changes were found 
to be more typical. In all cases in which changes are apparent in the 
roentgenograms the disease is probab!}^ well advanced. In cases of 
tuberculosis the disease is usually well advanced, as far as any hope 
of checking its spread throughout the joint is concerned, before the 
patient consults a physician. In cases of nontubercnlous infections a 
more marked change may be seen in a relatively shorter time, but this 
time period is often too prolonged to make the roentgenogram of very 
great value as an aid to early diagnosis. In 77 per cent of the tuber- 
culous specimens the roentgenograms disclosed atrophy ; hypertrophic 
changes were apparent in 12.3 per cent, and there was no change in 
density of bone in 10.7 per cent. In 63.7 per cent of the nontubercnlous 
cases the roentgenograms disclosed atrophy ; hypertrophic changes were 
present in 18.2 per cent. No change was observed in IS per cent of 
the cases. 

As an index to diagnosis the intact joint space must be regarded 
with some reservation. Often there is flexion contracture in the knees. 
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and the joint space cannot l)c truly re])resenied in the roentgcnottrani. 
In most of our cases there was greater destruction of cartil.age in the 
nontuberculous joints for a given duration of syin]Honis. Compared 
with the gross specimens there was only a small percentage ( 9.3 per 
cent) in the tuberculous cases in which roentgenograms failed to demon- 
strate cartilaginous changes. In 4.s.4 ])er cent of the nontuberculous 
joints, liowever. the roentgenograms demonstrated less change than was 
actually present. From the standpoint of destruction of hone, roent- 
genograms of both tuberculous and noutuherculous specimens disclosed 
more than was seen on superficial insiieclion of the gross specimen. 
This is due to the subchondral erosion of hone which takes place at 
the margins of the joint in many cases before the cartilage has been 
removed. Many areas of destroyed hone are covered by dense pannus 
or filled with tuberculous granulation tissue so that thev are not seen on 
inspection of the gross specimen unless it is sectioned. Erosion of mar- 
gins may be seen in nontuberculous specimens so it is not a diagnostic 
sign in tuberculosis. There was greater destruction apparent in roent- 
genograms of areas of pressure than at the margins in a large percent- 
age of the tuberculous as well as of the nontuberculous joints. The 
roentgenograms failed to reveal sequestrums when they were present 
in a considerable number of cases. Of 20 tuberculous joints with 
sequestrums in the gross specimens only 7 (35 per cent) were visible 
in the roentgenograms. Thus too much stress cannot be placed on the 
interpretation of the roentgenologic findings alone. The roentgenogram 
is, of course, an essential adjunct to diagnosis, but taken alone it may m 
many cases be inconclusive and even misleading. 

MICROSCOPIC SECTIOXS 

Sections were cut through the surfaces of joints of the complete 
specimens in 91 tuberculous joints, in IS nontuberculous joints and in 
1 Charcot’s joint. Three tj'pes of changes were investigated in all cases, 
namely, bony, synovial and cartilaginous. Actual section of the tissues 
of the joint results in the smallest amount of error. The microscopic 
appearance of tuberculosis has been definitel}' demonstrated. M'hen 
inflainmator}' tissue is present, without collections of epithelioid cells 
and lymphocytes, then tuberculosis cannot be diagnosed. Giant cells 
are not necessaty for the diagnosis. In fact, foreign body giant cells aie 
often present, acting as osteoclasts or chondroclasts in tissues that are 
definitely not tuberculous. Unfortunately, since tuberculosis usual!} 
spreads slowly, specimens removed from the joint for examination ma} 
not contain the lesion, whereas in another portion of the joint the disease 
may be rampant. In several cases, specimens diagnosed as nontubei- 
culous at the time of operation were found on further investigation of 
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otiior areas of the joint to 1)0 tnl)crcnloits. On the other hand, in many 
cases in wliicli the pathologist had diagnosed tuhcrcnlosis, additional 
sections were necessary in order to cstal)Iish the pathologic change. 
In ail diagnostic explorations, therefore, it is necessary to take a goodly 
amount of tissue for examination, and i)rcferal)ly from many portions 
of the joint. 

Our sections of tuberculous tissue demonstrated the typical lesions, 
whether nodular, caseous or fibrous. There was evidence in all of the 


Tm 




Wm 






Fig. 6. — Tuberculous subchondral granulations springing from the margins of 
the joint and dipping down to surround a sequestrum, over which tlie dead cartilage 
still remains. 

sections of involvement of both synovia and marrow. Therefore, we 
feel that the distinction between tuberculosis of synovia and bone is futile 
from a practical point of view. In cases in which the origin was evi- 
dently synovial and in which grossly the surface of the joint was almost 
intact there was marginal inliltration of the marrow and definite invasion 
of granulation tissue beneath the cartilage. In cases in which the origin 
appeared to be primarily in the bone, .some spread of the infection to the 
svnovial reflection at the margin of the joint was almost invariably 
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Cartilage in all sections ajipcarccl to he invaded secondarily. In some 
cases this was due to a focus in the bone beneath the cartilage eroding 
and possibly perforating from beneath. Usually, however, it occurred 
secondarily to marginal involvement of the .synovia, cither in the form 
of a tuberculous pannus creeping over the surface of the joint, or as 
subchondral granulation tissue spreading between bone and cartilage and 
destroying slowly as it progressed. 

The nontuberculous sections manifested little evidence of pannus 
formation. \\ hen present, it was fibrous and adherent. In most cases 
the cartilage was entirely destroyed and re])laccd by fibrous tissue. In 
40 per cent of the cases subchondral granulation tissue, consisting of 
fibroblasts, round cells and young capillaries were j^resent between the 
bone and the cartilaginous remnants. These nontuberculous sections 
suggested a primary synovial lesion in all cases. In 66.6 per cent of 
cases there was atrophy of hone. In 20 per cent there was no change, 
and in 13.4 per cent there was hypertrophv of bone. 

In the tuberculous sections the cartilage was fairly well preserved in 
13.2 per cent of cases; the remainder showed all grades of degeneration 
and replacement by fibrous tissue. The bone itself was atrophic in 60.4 
per cent of cases and hypertrophic in 3.3 per cent. In 4.4 per cent 
there was definite abscess formation, in 26.3 per cent sequestrums were 
present and in 5.6 per cent change was not demonstrable. Of the 24 
cases in which microscopic sequestrums were found, they were visible 
in only 16 of the gross specimens. In 16.6 per cent of the cases pannus 
formation was not observed. Of those present. 60 per cent were 
nodular, 11.27 per cent were fibrous and 11.7 per cent were caseous. 

INIost writers have claimed that subchondral granulations in tuber- 
culous tissue, except at the ver}" margins, show no evidence of tubercu- 
losis. Pheinister stated that the tissue is a reaction of foreign body 
gianulation to the degenerated cartilage l 3 dng above in an effort to 
leniove it completel 3 ^ I^i 58.2 per cent of our sections subchondral 
granulation was not present. In 29.7 per cent of the cases the sub- 
chondral granulations were nonspecific, consisting of fibroblasts, round 
cells and 3 -oung capillaries with occasional foreign bod 3 ’’ giant cells. In 
12.1 per cent the tissue was clearl 3 ' tuberculous in the center of the 
joint. In several of the cases in which the granulations were classified 
as nontuberculous, the tissue was of questionable nature, having many 
of the characteristics of tuberculous tissue without definite cellular 
arrangement. 

Sequestrums were, in some cases, due to foci in bone beneath the 
cartilage. In others the 3 - were apparentl 3 '^ due to subchondral granula- 
tions dipping down to surround an area of bone, most commonl 3 ’’ at an 
area of pressure (fig. 6). In onl 3 ' one or two instances were sequestrums 
lound at areas where pressure was absent. 
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in ;i)l ilii'K’ u;is ciilin' no nii iil;ii,'c o\’fr ;i .‘itMjiit'Mriim. or tlic 

w.T- lilii illritcfl ;mil iic;ni. 'riii;- di'.id carlilam- invariai)lv was 
riodrd from oppnm'i)^' ]ii("-suic. fxocji) lliosc m-ctirriiii| al tlic marj^ins. 
In all I’Nfcpi <iiH' ra'-c llicrc' wt’ia* no snlichoiirlral j^'i'amilalions in an area 
of sc'ipic-lialion, 

In tlic ca'-c'- in wliicli there wa-^ greater deslniclion of carlilaj^c at 
atea'- of pre--snre. tliere was either a ■'eijnestniin caiisiiptf loss of mitri- 
tinn (if tile enriilape or a hixnrioiis growth of snhchondral .tt'"t”tilation 
tissue; in •!() per cent of the eases this was tnherciiloiis. 'I'liere seemed 
to he no hard and fast rules for the microscopic a]i|iearance of the 
lesions, jiist a*" we h;id ohserveil in the j;ross specimens and in roent- 
penoyr.anis. 'I'he elianites due to Inhercnlosis differed considerahly in 
the \'arions specimens. Hy and lar/te. however, the microscojiic exami- 
nation was hy far the most satisfactory. 

.Sections of the Charcot joint contained a small amount of fibro- 
carlilaite coveriiii,' liypertropliic dense hone. 'J'here was considerable 
formation of new bone and a jtood deal of osteoid tissue. Fibrosis was 
jiresenf in the marrow .spaces near the joint. The cellular elements 
cotisisted of a few .scattered filiroblasts and round cells. Subchondral 
.uramilation tissue was not |)re.sent. 


JII.AGNO.SIS 

'file clinical dia.ttiiosis of (he two principal t,rpes of arthritis of the 
knee under consifleration is sufficiently difficult to involve a large per- 
centage of error. Jn a recent article Milgram has shown that in a 
fair!}' large group of pro\x‘d cases of tuberculosis of the bones and 
joints, .38.7 ]ier cent were incorrectly diagnosed clinically. Of the unrec- 
ognized conditions. 67.3 per cent were not diagnosed by the operators 
as tuberculous from the gross appearance. One of us (Ghormle}' -^) 
published a similar report in a review of 135 cases of disease of the joints. 
In 41 cases a diagnosis of tulicrculosis was made clinically. In only 66 
per cent was this ultimately found to be correct. In 42 cases a diagnosis 
was made of nontuberculous arthritis. The final diagnosis bt^ exami- 
nation of tissue in this group was tuljerculosis in 38 per cent. Hibbs 
and von Lackum,= ‘ Elj^ ““ and Friedrich-” reported similar figures. 

22. Alilgram, J. E. : Di.agnostic Inaccuracj' in Tuberculosis of Bone, Joint and 
Bursa, J. A. M. A. 97:232 (July 25) 1931. 

23. Ghormley, R. K. : Joint Disease, J. Bone & Joint Surg. 24:858 (Oct.) 
1926. 

24. Hibbs, R. A., and von Lackuni, H. L.: End-Results in the Treatment of 
Knee Joint Tuberculosis, J. A. M. A. 85:1289 (Oct. 24) 1925. 

25. Ely, L. W. : Further Observations on the Pathology of Joint Tuberculosis 
and Practical Deductions Therefrom, M. Rec. 78:147 (July 23) 1910. 

26. Friedrich, H. : Ueber Fehlerquellen der e.xakten Untersuchungsmetboden 
zum Nachweis von Tuberkulose und Aktinomykose, Miinchen. mcd. 3\Thnschr. 
77:1443 (Aug. 22) 1930. 
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In our group of 16S cases of proved tulierculosis, 75.6 per cent were 
correctly diagnosed clinically; in 13.6 per cent tuherculo.sis was con- 
sidered as a possibility, and in 10.8 per cent the diagnosis of noiituber- 
culous arthritis was made. Of the 66 cases of jtroved nontuherculons 
arthritis, 86.3 per cent were so diagnosed preo])eratively. while 13.7 per 
cent were diagnosed as tuberculous. 

Insidious onset, slow progress and frecjuent remissions and e.xacer- 
hations point toward tuberculosis as the causative factor. Prolonged 
drainage from a joint without signs of acute inflammation is probably 
in favor of tuberculosis, hut drainage itself is not diagnostic. In 11.3 
per cent of our cases of tuberculosis there had been drainage for 
variable periods. It should he emphasized here that prolonged drainage 
in a case of tuberculosis usually means secondary infection, and such 
secondaiy infection, in most instances, so modifies the histologic picture 
as to make tuberculosis almost unrecognizable. Nineteen and seven- 
tenths per cent of patients without tuberculosis gave a histor}" of drain- 
age. Except in the cases of osteomyelitis with involvement of joints, 
the drainage of tuberculous material was more prolonged. The finding 
of tuberculosis elsewhere in the body may be helpful in the diagnosis. 
However, one of our patients had active pulmonary tuberculosis but 
the affected joint was not tuberculous. Ankylosis of bone demon- 
strated b\’ the roentgen ray is definitely against tuberculosis, unless there 
has been secondary infection. Nevertheless, in many cases there are few 
clinical data for accurate differentiation. 

The tuberculin test, although it has its enthusiastic proponents, 
cannot be considered a dependable diagnostic measure, especially if 
patients are adults. A negative reaction is of more significance as being 
against a diagnosis of tuberculosis. In 7.6 per cent of our . nontuber- 
culous cases, there was involvement of one other joint; in 21.2 per cent 
there was multiple involvement of joints, resembling that seen in the 
ordinary type of proliferative arthritis. In 13.1 per cent of the cases 
of tuberculosis one other joint was affected, while in 5.4 per cent mulitple 
joints were affected. Roentgenograms and specimens demonstrated the 
great difficult}^ of accurate diagnosis by the roentgen ra}' or by mere 
^ isualization at the time of exploration. 

Inoculation of guinea-pigs is considered by many investigators to be 
an accurate diagnostic measure. The idea is not recent. Senn,-” in 1887 , 
quoted Tavel in the opinion that, when the distinction between tubercu- 
losis and syphilis cannot be made clinically or by the microscope, inocu- 
lation experiments always give positive and reliable information. Recent 

27. Senn, Xicliolas : Four ^Months Among the Surgeons of Europe ; A Series 
of Letters to Dr. Christian Fenger, Reprinted from J. A. AI. A., 1887, vols. 8 
and 9, Chicago, 1887. 



AV;'.s/-.( ir.n Kxnn .loixrs 


48.1 


I’jiiniiiii'- li.nc \aii<'(] a> (n ilu' \‘alti<’ <tf tiu' |)rni-ftltirc. Israiisc .slated; 
" I he iiax ulalit'D'- i>i' i.Miiiiea-pii.’s witli siKpeeted material for the diap^- 
oi tiihi'iedlo'-i'- j-lmiifd. in my opinion, r.'inlc as Iiij^di in reliai)ilitv as 
;in_\ lahni.'ipuy pjoiadme which we liavc." ( )n the otlier hand, Smith."" 
in rcjiiirti'd ;i .'•erics oi I,'4 c;i'-cs in whicli Inhercnlcjsis was found 

.at ihc time oi o|>ei-;ition. ( If tlicse. tile results of inoculation of gninea- 
pie". were positive in 10 ;incl nei^ative in -1. In 2 cases the ])if^s died too 
early tor <liai:no^is. and in the remainint,' 2 the rejmrls conld not be 
traced. In a recent pnhlic;ition. .'^nmll reiiorted that in 25 ])er cent 
of his cases the lesnlts of inoculation of ji;ninea-i)ij,'s were nejtalive, hut 
tnhercnlosis w;is fonml on microscopic e.xaminatifin of the tissue. In 
oiir cases. nnforinna(<‘Iy. onI\- 2-J such iiiocul.alions were made. In 21 
c.ases the results .•lyreed with the microscopic data. 20 were jiositive and 
1 ivas ne.”;itive. In .1 cases the results of inoculation were negative, 
hut the diagnosis of tnhercnlosis was made by e.xamination of tissue. 
The error, therefore, ill the results of inoculation of guinea-pigs was 
12..S per cent. 

M ICKOSCOIMC m.XGNOSIS 

There remains, then, the evaluation of microscopic e.'camination as 
a method of diagnosis. Without doubt this method is not devoid of 
inaccuracy. At times there may be some contraindication to arthrotomy. 
'J'hen again, as has been pointed out. the disease may be localized to one 
area of the joint, and unless generous and multiple specimens are sent 
to the laboratory the lesion may be overlooked. Furthermore, in cases 
of secondary infection it is extremely difficult to recognize the charac- 
teristic lesions, which aiipcar greatly attenuated by the superimposed 
pathologic change and may even be entirely unrecognizable. It ma}^ be 
that in such cases inoculation of guinea-])igs will demonstrate what 
cannot be seen in the original tissue, but w'e had no opportunity to 
inve.stigatc this possibility. 

In our series of 126 cases in which the pathologist diagnosed tubercu- 
losis at the time of operation, ive were able in every instance to confirm 
the diagnosis from examination of tissue of the preserved specimens, 
although in 22 cases additional sections were necessary in order to 
demonstrate the lesion. In the other 42 cases of this group micro- 
scopic sections were not made. Of the 66 nontuberculous specimens, 
32 w'hich had been so diagnosed at the time of operation w^ere sectioned 
and reexamined ; in 5 of these tuberculosis w'as definitely demonstrated. 

28. Krause, A. K., quoted by Ghormlej'.-" 

29. Smith A. DeF. : The Early Diagnosis of Joint Tuberculosis, J. A. M. A. 
83:1569 (Nov. IS) 1924. 

30. Sundt, Halfdan: The Diagnosis and Frequency of Tuberculous Disease of 
the Knee, J. Bone & Joint Surg. 29:740 (Oct.) 1931. 
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Therefore, in the entire group of 158 microscopic sections, there was a 
pathologic diagnostic error of 3.2 ])er cent. 

SUMMARY 

The clinical history, roentgenograms, lesions discovered grossly and 
microscopically and results of inoculation of guinea-|)igs in a series of 
236 resections and 9 amputations of the knee joint have been studied. 

The preoperative diagnosis was found to he incorrect in 24.4 per 
cent of the cases of tuberculosis and in 13.7 jier cent of the cases of 
nontubercLilous arthritis. 

The gross specimens and roentgenograms were found to vary so 
widely as often to prevent the possibility of accurate diagnosis. 

The inoculation of guinea-pigs proved incorrect in 12.5 per cent of 
the 24 cases in which inoculation was made. 

The diagnosis made by microscopic examination of tissue I'einoved 
at the time of operation has been found to be accurate in all but 3.2 per 
cent of the cases, an error of omission. 



■•( IICHI’JWI, IXCI.l/SKXV C^•S•^S AXI) CVSTO-ADEXOi\IAS 
Ol-' Tin-: PAROTID SAPIX'ARV (JI.AXDS 

C. .1. KRAISSL. M.D. 

A. P. STOUT. M.D. 

Nr.w Ydnic 

Cy.'-tic ^nnvllis Miiiu'limos ncnii' in tlic parotid sulirary gland; 
lluyv arc lined willi siratilied epitlielinni, usually of tlic cyliiulric tj'pe, 
;tnd rest on a l)ase of lymphoid (issue. Tlic latter is generally hyper- 
]iiastic. and its growth either makes the lining appear papillatcd or, if 
il is e.xlreme, lills the whole cy.st with cpithelial-clad lianphoid nodules. 
In (he latter event (he epithelium generally proliferates and forms small 
acini, and the growth assumes the pattern of a c\'stic adenoma. Some- 
times, as in Cunningham’s ' case, the cysts arc multiple. The epithelium 
is described In- some author.s ns ciliated but more frequently as non- 
ciliated. The cysts have a]i|K“arcd in persons of all ages from 12 to 
74 years, have heen twice as frequent in men as in women and are 
generally situated -in the lower pole of the gland. Usually there are 
no s 3 ’mptoms e.xcept swelling with occasional twinges of pain unless 
there is infection. 'J'his can lead, as in other ejiithelial-lined c\’sts, to 
the formation of persistent sinuses. Removal of the cyst and all its 
lining will cure the condition. 

The chief interest in these growths lies in the riddle of their origin. 
Although forming in adult life as a rule, it seems obvious that they 
must come from some developmental fault, for they are composed of 
tissues not found in the normally developed parotid gland. 

^Ve have had an opportunity to stud}'- three of these cysts — one 
reported by Cunningham,^ one reported by Hanford - and one unpub- 
lished case. A perusal of published cases showed that there have been 
offered almost as many different explanations of their origin as there 
have been authors. This confusion led us to review the investigations of 
the embryology of the region of the anlage of the parotid gland, and 

From the Surgical Pathological Laborator 3 '- of the College of Plwsicians and 
Surgeons, Columbia University, and the Surgical Department of the Presbyterian 
Hospital. 

1. Cunningham, W. F. : Ann. Surg. 90:114, 1929. 

2. Hanford, J. M. : Branchiogcnic Adenoma of the Neck, Ann. Surg. 94:461, 
1931. 
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as a result we Imve found, es])eciall\’ in tlie researches of Schulte,^ what 
seems to be a satisfactory explanation for the cysts in a structure known 
as the “orbital inclusion.” This gives rise to the orbital salivary glands 
in some of the carnivora and a])i)cars as a vestigial rudiment in human 
embryos. 

KKrORT OK CASKS 

Case 1. — History. — R. At., a man, aged 61, a po.stoflicc clerk, noticed a small mass 
at the angle of the left jaw for two \-ears before coining to the hospital. It was 
entirely sj'inptomless at first, but later gave slight twinges of pain. It did not inter- 
fere with mastication. E.xainination revealed an ovoid mass about 5 cm. in diameter 
directly over and somewhat behind the angle of the jaw. It was resilient but not 
definitely C 3 ’stic. The skin was freeh- movable over it, but the mass was attached 
to the deeper structures. The patient also had a slight enlargement of the right 
lobe of the thj’roid and suffered from chronic myocarditis and emphysema. 

Operation (Aug. 15, 1930, by Dr. John iM. Hanford =).— With the patient under 
intranasal ether anesthesia, a curved incision 6 cm. long was made from the lobe of 
the ear downward and forward exposing the tumor in the parotid region. It was 
well encapsulated and was removed bj- sharp and blunt dissection. When the tumor 
w'as removed from the anterior portion two or three drops of what appeared to be 
pus escaped, but no abscess cavity was found. One goiter tube drain was inserted. 

Course . — The wound drained purulent exudate for six days. Staphylococcus 
albus was obtained on culture. The patient was discharged the seventh day wit 
slight induration about the wound. No evidence of infection tvas present after two 
weeks. After seven months there was apparently no reappearance of the lesion. 

Case 2. — History. — D. L., a woman, aged 74, had noticed a small tumor below 
and in front of the left ear four j'cars before coming to the clinic. Two years later 
it began to grow noticeably larger and to extend backward. During this time it ha 
given no sj'mptoms and did not interfere with mastication. Examination reveae 
a fusiform tumor mass at the angle of the jaw measuring approximately 6 ^ 
4 cm. It extended backward, elevating the lobe of the ear. It rvas thought to e 
fluctuant and was freely movable in the subcutaneous tissue. No other significant 
findings were present. Roentgen examination of the parotid region showed no 
evidence of calcification or of a calculus. 

Operation (April 24, 1928, by Dr. W. Barclay Parsons, Jr.).— With the patient 
under ethjdene anesthesia, a curved incision was made and carried dorvn to the wa 
of the cyst which wms well encapsulated, Ij'ing in the substance of the parotid, u 
not apparentl}' associated with the duct sj'stem. The c}^st ruptured, with an escape 
of creamj' material, allowing it to be enucleated w'ith ease. An iodoform gauze 
drain was inserted. 

Course. — The drain was slowb^ withdrawn!, drainage being slight, and in one 
week the wound was completely healed. Three years later there wms no evidence 
of reappearance. 

PATHOLOGIC EXAHINATIOX 

At operation it was noted that both of these tumors were wnthin the substance 
of the lower pole of the parotid gland, but w'ere distinctly encapsulated an 
separated from the salivary tissue. 

3. v. Schulte. H. W. : Studies in Cancer and Allied Subjects: ^ II- 
Development of the Human Salivarj' Glands, New York, Columbia Universi , 
Press, 1913, vcl. 4. 
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I’.'ii’/'ir — Till' tiiiiinr iroin llic first ease was a rather firii), 

li'liiilaticl iiia-.s nu-a.Miriiiii •! l>y .'.5 hy .5 cm. Mxteriially it was envered witli a 
■■m'"'ili eap'-nle tn wliich im apprerialile parotid tissue was adlicreiit. Cross-section 
tlnoiii;h the eential jiart of the tumor (lip. I) sIiowe<l irrcKidar wide tralicciilac of 
'l it iirayi'-h tivsiu- sepanited hy masses of yellowish material. 'J'his has hceii 



Fitr. 1 (case 1). — Cross-section through the mass romoixd. 



Fig. 2 (case 2). — The cystic mass cut open to show the papillary lining. 

removed in some places, showing narrow clefts, but no large cj’stic acreas were 
present. 

In the second case the specimen was distinctlj- a cystic structure measuring 
3 cm. in diameter. The capsule was smooth, and on cut section the wall consisted 
of rather firm white tissue on the inner surface of which were small rounded 
elevations varying from 1 to 2 mm. in diameter (fig. 2). 

Microscopic Examination . — In case 1, the tumor was composed of irregular 
masses of lymphoid tissue covered with epithelial cells. These were so arranged 







Fip. 5 (cn5c 2). — PlintoinicroKrnpli sliowiiiK that llie papillary projections pic- 
tured in flRiire 2 are made n|i of lymphoid tissue clotlied with epithelium. 
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each author’s interpretation of the orii^in of the cyst. Every writer 
recognized that neither the epithelial lining nor the lymphoid tissue was 
characteristic of the adult j^arotid and sujiposed that it must have come 
from some developmental aberration. 

The earliest writer, Hildebrant.’ mentioned his case in connection 
with the report of a group of branchial cysts of the neck and apparently 
thought it had the same origin. iMorestin/'’’ in 1902 , suggested that 
these eysts must have been derived from evaginations of the embryonal 
buccal ectoderm within the parotid gland as it developed, although he 
did not support it with convincing embry'ologic and phylogenetic evi- 
dence. As will be shown later, this is the probable derivation, but 
j\Iorestin was unfamiliar with the mechanism of their formation. The 
similarity of the epithelium to that of the ])har\-nx and its close associa- 
tion with lymphoid tissue led Lecene ® to suppose that the growth 
represented the development of an ectopic tonsil, and he traced its ele- 
ments to an inclusion of a portion of the pharyngeal ectoderm in the 
region of the third or fourth branchial pouch. Glass ' supposed the 
inclusion of a few pharyngeal ectodermal cells as the cervical sinus 
closes. Delanglade, Pe3'ron and Rouslacroix ® found a somewhat siinilai 
growth in the carotid region and reported it at the same time as then 
parotid C3'st. They saw some concentricall3' arranged cells resembling 
Hassall’s corpuscles, and the3' supposed a separation of a portion of the 
th3nnic anlage. Menetrier, Pe3TOii and Surmont ® studied Neisse s 
drawings of the embr3'onal parotid tissue which show l3nnphoid tissue 
and epithelium resembling that found in the C3"sts. The3' therefoie 
suggested that these tumors might be remnants of undifferentiated 
salivary structures which did not fuse with the duct system of the 
parotid but grew later as segregated tumors. 

Warthin studied a case in which the tumor was lined with ciliated 
epithelium. He noted a resemblance to some of the potyps of the 
eustachian tube and concluded that these parotid C3fsts might be deiiva- 
tives of the first branchial pouch and cleft. He does not tell how this 
epithelium could be enclosed within the parotid. The other h3^potheses 

4. Hildebrant, O. : Arch. f. kUn. Chir. 49 : 167, 1898. 

5. yiorestin ; Bull. Soc. anat. de Paris 4:709, 1902. 

6. Lecene, P. : Rev. de chir. 37:1, 1908. 

7. Glass, E.; Frankfurt. Ztschr. f. Path. 9:335, 1912. 

8. Delanglade ; Peyron, and Rouslacroix : Bull. Assoc, frang. p. I’etude du 
cancer 7:370, 1914. 

9. ;Menetrier, P. ; Peyron, A., and Surmont, J. : Bull. Assoc, frang. p. I'etude 
du cancer 12:205, 1923. 

10. Neisse, R. : Ueber den Einschluss von Parotslappchen in Lymphknoten, 
Aiuat. Hefte 10:287, 1898. 

11. Warthin, A. S.: J. Cancer Research 13:116, 1929. 



!kU.u.s.si.~.s I orr—'oh'liri .ii. ixi i.c.siox" cvyrs *< 9.3 

im'liiili'd in tln’ li;-! do not seem In ns lo liave siinicient crcdihilit}' to 
wavrant sciinns <list'nssit>n. 

All of llu'sc writi-rs. (hen, itelieve (hat these cystic growths arc 
(ieriv.atives of eitlier the Iiranehial poneli nr tlic cleft epithelium, of the 
imeeal or jiharyngeal ectoderm other than that from which the parotid is 
developed or from segregated cells of the ])arotid anlage itself. 

,\ brief review of the. development and metamorphosis of the 
hranchial system will make it clear that there is no cml)ryologic basis for 
suitpo'.ing (liat parotid cysts could represent developments from its 
remnants. In early embryonic life there are four external branchial 
arches separated hy depressions or clefts externally and b}’^ pouches 
internally. The clefts and the pouches are not continuous but are 



Fig. 7. — Ventral view of the anterior portion of an embryo of 2.15 niin., from 
a reconstruction (His). Fr. indicate frontal process; H., heart; Mx., maxillary 
process; j\fau., mandibular i)rocess; Os. oral sinus. (Figures 7 and 8 are from 
Keibel and Mall ; Human Embryology, Philadelphia, J. B. Lippincott Company.) 

separated b}' a thin membrane covered b}' ectoderm on the outer surface 
and by entoderm on the inner surface. The first and second arches 
develop out of proportion to the third and fourth which they overlap, 
producing a deep depression called the cervical sinus. It is supposed 
that a majority at least of the branchial cj^sts and fistulas in the neck 
develop from this structure.^' These develop below the second or 

12. Bailey and Miller: Textbook of Human Embry'ology, ed. 2, New York, 
William Wood & Company, 1911. 

13. Semken, G. FI. : Embryology of Branchiogenetic Cysts and Fistulae, in 
Nelson Loose-Leaf Living Surgery, New York, T. Nelson & Sons, 1927, vol. 2, 
p. 783. 

14. Wood, F. C. ; Branchiogenetic and Other Congenital Cysts, in Nelson 
Loose-Leaf Living Surgery', New York, T. Nelson & Sons. 1927, vol. 2, p. 113. 
Keith, A. : Congenital Alalformations of Palate, Face and Neck, Brit. M. J. 
2:438, 1909. 
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h 3 'oid archd'* The first pouch and cleft form the eustachian tube and 
the external auditor}’ canal and are separated hv the mcmbrann tympani. 
Since the parotid gland does not come into intimate relationship with 
any of these structures, it is difficult to understand how portions of them 
can be included within its substance. For this reason we have rejected 
the branchial hypotheses. 

In order to discuss the possibilities of the remaining hypotheses that 
haA’e to do wdth the segregation of some cells of the parotid anlage or 
of the oral ectoderm, the embryology of this region must be described. 
The first Ijranchial arch divides into ujrper and lower jrortions.^'’ The 
upper or maxillary portion is divided by the two nasal pits into a 



Fig. 8. — Median longitudinal section of a rabbit embryo. Cli. indicates clior a, 
Ekf., ectoderm; En., endoderm; H., heart; Rp., Rathke’s pouch; Ph., pharynx, 
Pm., pharyngeal membrane; v.H., forebrain. 

medial portion giving rise to the lips and a lateral portion from which 
the cheek is formed. The lower portion of the first branchial arch forms 
the mandible. The primitive oral sinus is pentagonal, harung ioi 
boundaries laterally the maxilla and mandible and superiorly the fronta 
process of the brain, while interiorly it is separated from the pericardium 
by a thin membrane (fig. 7). In a 2 mm. embryo the floor of tie 
oral sinus is formed by a membrane which separates it from the phar 3 nx. 
This is lined on the oral side b}- ectoderm and on the phar 3 mgeal sice 

15. Carp, L., and Stout, A. P. : Branchial Anomalies and Neoplasms, Ann. 
Surg. 81:186, 1928. 

10. Mckfurrich, J. P., in Keibel and Mall : Human Embryology, Philadelp na. 
T. B. Lippincott Company, 1912, vol. 7, p. .135. 
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In' cnixiicnn ( liu. S). In ilu- 2.5 niin. sta.ijf tin’s iiK'inhraiic has clis- 
ali|H'.ir('(l and tin- mal sinus and pharviiA'i'al cavity arc continnons, leav- 
ing a'- a remnant nnly a transvcr.se rid^’c immediately po.stcrior to 
K.itlihc's poncli. 'I'lic lateral and superior linin.t,’' of the hnccal cavitv 
therefore is derived from ectoderm. 'J'he floor of the month and the 
toiiyne are derived from three sources: (1) the tnherculiim impar 
;mteri<irly. formed liy the fusion of the mandihles : (2) the lateral por- 
tions. fornieil from the fusion of the second branchial arches, and 
(.it the base or copula, formed from the medial expansions of the third 
and fourth branchial arches. 

In the lateral recess of the oral cavity there is a snlciis which c.xtends 
trom the ani;nhis oris to the openint^ of the first pharyngeal pouch, 
.''chnlte called this the hnccal sulcus. Jn embryos of S mm. there is 
;i slight thickening of the epithelium along the fundus of this sulcus 
near the aiigulus oris (fig. 9 A), d'his is the anlage of the parotid 



A B 

Fig. 9. — A, transverse frontal section of the buccal sulcus near the angulus oris 
of a 20 nun. human embryo. The first evidence of beginning parotid development 
is a thickening of the epithelium of the buccal sulcus (7). B, transverse section 
of the buccal sulcus more caudad than A, showing the epithelial thickening (7) 
which gives rise to the orbital inclusion. (Figures 9 to 12 are from Schulte: 
Studies in Cancer and Allied Subjects; II. The Development of the Human 
Salivary Glands, New York, Columbia University Press, 1913, vol. 4.) 

gland. Further thickening occurs until a flange of epithelium develops 
which grows backward (fig. 10, 2) through the mesench 3 -nie of the 
cheek crossing the internal surface of the masseter and pterygoid muscles 
until it reaches the neighborhood of the external ear. This flange 
becomes canalized, and sprouts develop from it. a continuation of 
this process of sprouting the embryonal gland eventually comes to 
assume its adult form. 

In the past there have been described what seemed to be accessory- 
parotid anlages, and those who observed them supposed that they were 
derived from the parotid duct. In the series of observations made by 
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Weishaupt,^" the hypothesis was advanced tliat these structures became 
separated from the jjarotid duct s\'stcm and remained vestigial. If this 
observation is correct tiiere would he stroiv^ grounds for supposing 
that such vestigial segregated closed tubular structures might be the 
origin of C 3 'sts. For this reason wc shall review these observations in 
some detail. 

In 1885, Chievitz reported that he found in a 9 to 10 week human 
embryo a small solid branch of cells given off superior^ from the 




KKAISSI.-S I ( H • /•—•■( tKIU I . //, , V( IJ -Sioy CYSTS 


A97 


where it emled hliiidly. It \v;is liiiei] with epithelial cells with oblong 
nuclei arranged ahnnt a hmien. C'hievit/ considered this structure an 
aeeesMtrv jiarotid. 

In I’Ml. h'.li/aheth Weishaupt *' dc'-crihed an einhryonic structure 
that she touud on both sides in twenty of twenty-four human embryos 
and on <ine side in one of the other four. 'I'his was a hlind tuhe, not 
connected with the ductus parotidis, which lay near the duct between the 
inuetius membrane of the buccal sulcus and the anterior border of the 
masseter muscle. It was smaller than the normal ductus parotidis, lined 
with e|)ithelium and surrounded by the me.senchymal tissue. In one 



Fig. 11. — Keconstruction of the oral epithelium of a 20 mm. human embryo; 
ventral view showing the relation of the orbital inclusion to the parotid gland 
aniage ; 1, buccal sulcus ; 2, parotid aniage ; 3, orbital inclusion ; 4, orbitoparotid 
interval ; 6, proparotid ridge ; S, lingual sulcus ; 9, submaxillary aniage ; 10, greater 
sublingual gland; 11, aniage of apical gland; 14, alveolar sulcus; 16, intermediate 
sulcus ; 22, frenulum ; 24, angulus oris ; 29, inferior dental aniage. 

24 mm. human embryo it was cystic at both ends, the lumens being 
lined with flattened cells which in some places were forced in toward 
the center of the lumen. This structure she called the “ramus mandi- 
bularis” of the parotid duct. She expressed the belief that it is 
vestigial in man and is not developed into any adult structure. In 
mammals she supposed that it represented the aniage of the dorsal and 
ventral buccal glands. Weishaupt and IMcMurrich,^® who also observed 
this structure in human embryos of 9 weeks and earlier, remarked that 
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its significance was unknown in human beings, hut that since it was 
a tulje with blind ends it might give rise to cysts. 

It is obvious that Chievitz and Weisliau])t described the same struc- 
ture, and that its vestigial tubular character favors the development of 
cysts. Were they correct in their hypothesis that it was derived from 
the anlage of the parotid, then we should agree with iMenetrier, Peyron 
and Surmont “ that the cysts came from segregated embryonal parotid 
gland. 



Fig. 12. — Transverse section of a 20 mm. human embryo through the bucca 
sulcus, more caudad than in figure 10, showing the orbital inclusion separate 
from the sulcus; 1, buccal sulcus; 3, orbital inclusion; 33, buccal nerve. 


However, the investigations of Schulte,’ Huntington and Carmalt 
into the development and comparative anatomy of the whole salivar) 

19. Huntington, George S.: Studies in Cancer and Allied Subjects: IP- 
The .\natomy of the Salivary Glands in the Lower Primates, New York, Colum 'a 
University Press, 1913. 

20. Carmalt, Churchill: Studies in Cancer and Allied Subjects: V. Tlic 
.•\natomy of the Salivary Glands in the Carnivora, New York, Columbia Uni\ersit} 
Press. 1913. 
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^\>Uin. luiltli^luMl in I’.M.v showrd cimclnsivcly tlie structure 

descril'cd Itv Cliievit/. and \\’eishau)it lias a dilTcrcut origin and is not 
t'art of the parotid anlage. Schulte showed that in human cinhryos of 
from S to 10 nun. then' occurs a continuons thickening along the 
fundus of the huccal sulcus jio.sterior to the anlage of the jiarotid and 
sejiaraled from it ( tig. II. S'), (^ut nf this continuous anlage. a cylinder 
of cells is formed hy a process of folding and constriction (fig. 9 B). 
I'ltiinately this grouji of cells is widely disjilaced laterad from the oral 
ectoderm (tig. 12. .•') and comes to lie in close contact with the ental 
surt'ace of the muscles of mastication. This .structure Schulte calls 
the orhital inclusion and identifies it with those described hy Chievitz 
.and W’eishaupt. 1 le explains Chievitz’ observation of a communi- 
cation with the jiarotid duct ne;ir its outlet in the huccal sulcus by sa^’ing 
that sometimes there is no orhito))arotid interval between the parotid 
anlage .'md the orbital inclusion, and in such case a development from the 
orbiloparotid (fig. II. •/) miglit be attached to the parotid duct. As 
the parotid gland increases in size it approaches nearer and nearer to the 
orliital inclusion until, finally, in embryos of 12 weeks they He in con- 
tact with one another. The sub.secjucnt fate of the orbital inclusion in 
man has never been investigated, but in the cat, dog and some other 
carnivora it forms the orbital glands. These are salivary glands which 
are embedded in the infra-orbital fat. Their ducts, according to 
Carmalt,"'’ open on a low stomal ridge opposite and behind the upper 
molars.-’ 

In man, therefore, the orbital inclusion is a vestigial closed tubular 
structure, lined with ectodermal epithelium which lies in contact with the 
lower jjortion of the parotid gland. It is well known that closed tubular 
vestiges in other jDarts of the body may form cysts in adult life. 
Weishaupt’" recorded microscopic cystic dilatation of one of the 
orbital inclusions that she studied. For these reasons it seems fair 
to assume that the probable origin of these lyinpho-epithelial cysts of 
the matured parotid is fi-om a dilatation and proliferation of the orbital 
inclusion. 

21. Carmalt (footnote 20) described a series of orbital glands in man which 
are situated in series with the superior aivcobuccal glands but behind the opening 
of the parotid duct. These are not developed from the parotid duct but probably 
from the orbitoparotid interval. Other authors have called them malar glands. 



PRESERVED FASCIA IN HERNIA REPAIR 

WITH SPECIAL REFERENCE TO LARGE POSTOPERATIVE HERNIAS 


A^ros R. KOOXTZ, M.D. 

BALTIMORE 

During the last decade tlierc have been many innovations in the 
operations for the various types of hernia, as regards both the technic 
of the operations themselves and the materials used in the repair. IMy 
object in this paper is to discuss briefly, in general, the use of fascia 
strips, with especial reference to the preserved material, and then to dis- 
cuss specifically the application of the method to one of the most 
difficult problems in hernia, namely, large postoperative hernias. 

Gallie and LelNIesurier,^ in recent years, have extensively employed 
autogenous fascia lata in the repair of hernial defects. They have 
largely used strips of fascia lata, either as an ordinary suture material 
to approximate the edges of hernial defects, or, in gaps, the edges of 
which cannot be approximated, as a basketweave network to close the 
defects. They have shown experimentally that such transplants persist 
as living tissues and become incorporated into the tissues among which 
the}’- are transplanted as an integral part of the organism. They con- 
stitute, therefore, not merely an additional suture material, but, in addi- 
tion, perform all the functions of grafts. They form a most noteworthy 
contribution to the surgical armamentarium. 

I " have shown that animal fascia preserved in alcohol may be used 
in exactly the same waj^ as living fascia taken from the thigh of the 
patient that is being operated on (figs. 1 and 2). This avoids the 
necessity of performing an extra operation in order to get the material 
needed to repair the hernial defect. Briefly, the underlying principles in 
the use of alcohol-preserved animal fascia may be stated as follows . 
The collagen fibrils of the connective tissues are inert, intercellular sub- 
stances, and have no life in the sense that living protoplasm has lifo- 
These fibrils are not altered chemicall}'^ or physically b}”^ being preserved 
in alcohol. When implanted in a living organism among their fellows 
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<>1 llu- Iviiul (aftiT In'inq tlmnmqlily waslicd in salt solution), one 
wiinM not llu-n c'Xjtect tluan to produce a forci.ttn I)ody reaction, induce 
pliai^ocvtnsis or show a tendency to I)e ahsorlicd. Tliey arc like the 
tissiies aniiMii; wlu'cli tliey Iiave I)een iiuidantcd. Iioth clieniicall}' and 
physically, and it has heen shown experinientally that living cells wan- 
<ler in among the inert litters, new lihrohlasls grow in hetween them, 
and in a short time the imitlanted material is incorporated with the 
tissues of the host as ])ernianent living material. The reason that catgut 



Fig. 1. — Repair of large ventral hernia in an animal with a piece of aleohol- 
preserved ox fascia lata ; five months after operation. 

and kangaroo tendons do not act in the same way is that the collagen 
hbrils of these materials are altered both chemically and physically in 
the process of their preparation. Various chemicals, such as chromic 
acid, are used, and the}’' are also heated in the process of preparation. 
Besides, their strands are generally so twisted and hardened that it 
would be impossible for fibroblasts from the surrounding tissues to 
grow into them, even if there were no question of a complicating chemi- 
cal and physical alteration of the fibrous framework. 
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Since the publication of my first work on dead fascia grafts, strips 
of alcohol-preserved fascia have come to lie wideh- used in the repair 
of hernial defects, d'his material lias been used in other operations, 
such as those of habitual dislocation of the sboulder, repair of the 
sphincter ani in cases of fecal incontinence, open reduction of fractures, 
etc. I\Iy experimental results and conclusions as to the fate of alcohol- 
preserved fascia have been confirmed cxj^erimcntally by Rosenblatt and 
IMeyers ^ of Detroit, JiIcNcaly and Lichtenstein ' of Northwestern Uni- 
versity, and Horsley ® of Richmond. Also, Wolfsohn " has shown that 
strips of fascia preserved in a solution of 1 part formaldehyde and 100 
parts of alcohol, after implantation in animals, retain their tensile 
strength for as long as twent)’-one months, which was as long as obser- 



four months after operation: a, living fascia of host; b, dead graft. 

vations were made. Besides, numerous other European investigatois 
have confirmed the original work of Nageotte as to the fate of preserr^ed 
tendons when implanted in animals. As the connective tissues of tendon 
and fascia are so nearly related, it is to be presumed that the behavior 
of these materials when implanted rvould be similar. Some workers 

3. Rosenblatt, M. S., and Meyers, M. : Muscle-Fascia Suture with Preserved 
Fascia and Tendon. Surg., Gynec. & Obst. 47:836 '(Dec.) 1928. 

4. AIcNealy, R. M'., and Lichtenstein, AI. E. : A Study of the Use o 
Fascial Grafts, Illinois :M. J. 56:140 (Aug.) 1929. 

5. Horsley, G. W.: The Behavior of Alcohol-Preserved Fascia Lata of the 
Ox, Autogencous Fascia and Chromicized Kangaroo Tendon in Dog and in M^n, 
Ann. Surg. 94:410 (Sept.) 1931. 

6. Wolfsohn, G. : Ueber die Yerwendung von tierischen Fascienfiiden, Arch- 
f. klin. Chir. 147:479 (Oct. 15) 1927. 
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rhiiiii wlii'ii llu'sc tivsurs arc iinplaiilcd tlii-rc is a siihstiliition of 
iiln’is limn ilu* host for tlu- iinplaiiu-d lilH-rs. ( llhcrs claim tliat the 
impianted (ihcis remain intact and function as a part of the liost. 'i’liis 
(jnestion is a matter of academic interest, hnl of no real jiractical 
im]'ortance. It matters little whether the implanted material fniictioiis 
as originally implanted, or hy the use of libers borrowed from the host, 
'riic point of practical interest is that the implant does function. 

Horsley's article' contains .some rather snr])risin.c[ conclusions. 
.After reportinj; his exiieriments. which conlirmed mine as to the fate 
in doi;s of alcohol-preserved ox fascia lata, he stated that “from clinical 
e.N|K'rience the reactions of this alcohol-jire.servcd fascia lata of the ox 
in man have been contrary to what would he e.xj^ected from these experi- 
ments in doj^s." 'I’liis conclusion is based almost entirely on two human 
operative cases, one a pyloroplasty and the other a gastro-entcrostomy, 
in which the abdominal wounds were closc<I in layers, catgut being used 
throughout, except in the anterior sheath of the rectus, which was closed 
with a continuous suture of alcohol-prcservcd ox fascia lata. Within 
ten days after operation both wounds broke open. It seems to me that 
Horsley's conclusions that alcohol-preserved fascia behaves differently 
in man and in the dog is based on insufficient evidence. I have dis- 
cusseil this in detail elsewhere.' I do not believe that fascia should be 
used in closing the wound after operations on the stomach, owing to the 
action of the digestive juices on the fascia. 

The fact that myself'' and many other surgeons have used alcohol- 
preserved ox fascia lata successfully in repairing difficult hernia shows 
that the material does remain intact in man for a considerable length 
of time, at least long enough to effect cures in cases in which other 
methods have failed. I have used the material in eighty-five operations 
for hei-nias of all sorts, many of which were difficult and were referred 
to me only because it was felt that they were hopeless as to cure, but 
that it would do no harm to try a fascial repair. In spite of the large 
number of difficult cases, I know of only three recurrences. I will cite 
only one case, which seems to me ample proof that preserved fascia 
persists in man just as it has been shown experimentally to persist in 
dogs. This case was that of a man, aged 70, who had been operated 
on five times before for a left inguinal hernia. Each time the hernia 
had recurred within a month or two after operation. The patient was 
referred to me by the surgeon who had operated on him the fifth time, 
and who felt that the hernia could not be cured by the usual methods. 

7. Koontz, A. R. : Suture Material for Hernia Repair, with Special Refer- 
ence to Preserved Fascia Strips, South. M. J. 25:372 (.April) 1932. 

8, Koontz, A. R. : Dead (Preserved) Fascia Grafts for Hernia Repair: 

Clinical Results, J. X. M. A. 89:1230 (Oct. 8) 1927: New Principles and Pro- 
cedures in Hernia Repair, Texas State J. Med. 24:259 (.Aug.) 1928. 
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He liad a scrotal hernia about llie size of a cocoamit. which could not 
be reduced when he was examined at mv office. At operation an 
enormous amount of dense scar tissue was encountered, but the difierent 
layers were dissected out as well as ])ossible. 'J'he sac contained several 
loojis of intestine which were adherent to its wall, d’hc neck of the 
sac was 3 inches ( 7.6 cm.) in diameter. After the sac had been dis- 
sected free and e.xcised, the ])eritoneal o])eninj^ was closed with a run- 
ning suture of fine black silk. 'J'he hernia was then repaired with 
alcohol-preserved ox fascia lata strijjs, making a basketweave accord- 
ing to the Hallie technic. It has now been more than five years since 
this patient was operated on, and there has not been the slightest evi- 
dence of a recurrence. Many other such examples could be cited. 

A rather striking e.xamjdc of the efficacy of the material is found 
in the recent report of Stone on the voluntar}’ control of incontinent 
anal sphincters b\’ the use of double loops of fascia lata encircling the 
anus and a jrortion of the gluteus muscles. Here the control is 
entii'ely dependent on the loops of fascia constricting the anus through 
voluntary contracture of the gluteus muscles. Stone has reported 
eleven cases in which this method was used, with nine good and two 
poor results. In four of the successful cases, strips of alcohol-preserved 
fascia were used. Naturally, if the fascia were absorbed soon after 
implantation, these patients would have lost anal control. The fact that 
the patients have now maintained anal control for two years or more 
after operation is positive proof that the fascia is still functioning- 
d'his is a striking clinical example of the usefulness of the mateiial. 
It matters little whether the original strands of ox fascia are still pres- 
ent in these persons, or whether they have been replaced b}^ fibers 
from the host. The functional result is the same. 

LARGE POSTOPERATIVE HERNIAS 

Small postoperative hernias often present one of the easiest piob- 
lems in major surgery, and are usually easy to cure by aii}'^ careful 
procedure that the surgeon may select. On the other hand, large post- 
operative hernias are extremely difficult to cure, and often present one 
of the most troublesome problems that the surgeon has to confront. 
Of course, the ideal way to treat a large postoperative hernia is to 
operate when it is small and the operation is easy. There is a much 
larger proportion of large hernias in this group than in any other group. 
Some postoperative hernias are large from the lieginning, owing to a 
general breaking down of the operative incision. This t 3 'pe usually 
develops soon after operation, and may develop while the patient is 

9. Stone, H. B. : Plastic Operation to Restore Voluntary Anal Control, 

J. A. M. A. 97:1205 (Oct. 24) 1931. 
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still ill hod. Ill aiKulior itnuip. tho luTiiia is small to bci^in with .and 
may romaiii so lor yi'ars. llowovor. oiico it starts to enlarge the 
]irngress is fairly rajml. owing to the nonresisting nature of the soft jiarts 
siirroimding the Iiernia. 'I'he muscles and fascia are often tliinned out 
and weakened, and yield readily to the constant force of inlra-ahdominal 
liressitre e.xerted against them. 'I'lie large hernias generally cause rather 
severe symiitoms. such as an uncomforlahle sense of weakness in the 
ahdominal wall. <lraggiiig <lown pain, digestive disturbances, constipa- 
tion and inability to engage in any sort of strenuous work. Some of 
the hernias hecoiiie so large as to incapacitate the patient completely. 

1 recently operated on one so large that an abdominal support was no 
hinger of much help, and alnuit the only way the patient could lead an 
even moderately comfortable life was to sit around and hold his 
abdominal contents back with his hands. Mowever, the presence of a 
jiostopcrativc hernia should not preclude the surgeon from thinking of 
a concomitant condition which might be responsible for the patient’s 
symptoms, .such as gastric or duodenal ulcer, colecystitis or colelithiasis 
and kidney or ureteral stone. Patients suffering with these conditions 
have heen ojierated on for hernia, with a cure of the hernia, but, 
naturally, without relief of st’mjjtoms. when the symptoms were due 
to some other condition. 

A good many large, iiostopcrative hernias occur in obese persons. 
In fact, obesity is an important etiologic factor in their production. 
Before ojjcrating on such patients, rigid dietary measures should be 
introduced in an effort to reduce their weight. A great deal of the 
excess weight of obese persons is carried in the omentum, and a reduc- 
tion of this omental fat not only makes the operation easier, but the 
chances of recurrence less. 

OPERATIVE TECHNIC 

As to the operation itself, an elliptic incision is made surrounding the old 
operative scar. The skin and scar within this incision are then excised. Care 
must be exercised in excising this tissue to prevent injury to the contents of 
the sac, as the sac is often adherent to the old scar, and if it is inadvertently 
opened some adherent viscus may be injured. After excising the scar, if the sac 
has not already been located, it is carefully searched for, and is usually found 
covered by little connective tissue. It is usually more convenient to open the 
sac, and, with one finger on the inside as a guide, to free it from the subcutaneous 
tissue by blunt dissection with a piece of gauze. However, if the sac is large 
and protruding viscera are apt to prove troublesome, it is better to free the sac 
before opening it. The sac should be freed down to its neck, and then the 
fascia carefully cleaned for 2 inches (5 cm.) in each direction from the hernial 
orifice. The sac is disposed of in the usual manner, after carefully freeing any 
adherent viscera that it may contain. Adherent omentum should be ligated and 
excised with the sac. Adherent bowel is easily injured, and. if necessary, islands 
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liowevcr, an ultimate cure is far more likely to be seeured wlicn these sutures 
are used. It is far better to have a cure with a sinus that persists for a few 
months leading down to a nonabsorbable suture, than to have a recurrence soon 
after operation following the use of catgut. Tliis, of course, applies to massive 
hernias that are closed under considerable tension and that arc difficult to cure no 
matter what procedure is used. I have bad no trouble with persisting sinuses 
since I have been using the stab wound in the flank to drain off serum collec- 
tions. Before this, when cinploj’ing drainage in the operative wound, I bad 
several cases in which there were sinuses which persisted for months, but which 
did not prevent an ultimate cure. These sinuses were probabl}' due to the fact 
that linen was used in tying off the ends of the fascia strips. I think that linen 
or silk should always be used for this purpose, instead of catgut or kangaroo 
tendon, as one cannot be sure how long the latter materials will resist absorption. 



Fig. 4. — Repair of large postoperative hernia, showing the reenforcenien 
lace-work of preserved ox fascia strips overlajdng the free graft of the same 
material. The terminal end of the fascia strip is sutured in place with linen, 
instead of the end being split and tied into a knot as Gallic recommended. 

It is important that the ends of the fascia strips remain tied off for a consider 
able length of time, as in most cases they are submitted to considerable stres- 
In one case I used no. 1 chromic catgut to tie off the ends of the fascia 
used in the repair of a massive postoperative hernia in an obese person. Fo 
ing operation there was a large, subcutaneous collection of serum, and two 
after operation the patient felt the wound give way in its deeper part. 
skin did not break open, but the separated edges of the deep fascia could rcac 
lie palpated. It is safe to assume that the chromic catgut became softenee 
the collection of serum, and, being under considerable stress, some of the 'uo 
became untied and released the fascial ends, thus allowing the wounds to separa c. 
1 wo years later this hernia, which was then even larger than at the time o t 
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tii'-t >'|H i Mtiun. w.i-- r(n.iii( <l in (-xin'tly tin- saiiic iii:inm.-r, i-xccpl lltat llic i;ik1s of 
tin- l.'inia vtriji'. wiic (icd with liiu-n instead >if enlpnl. Apain tlicrc was a lingc 
ei'lleetinn of >.iinin. wliieli diained for more titan a week tltroiigli a stab wound 
in tile tlank. Tostopei ative pneninonia also developed, and the patient coughed 
a meat deal. In '-pite of all this, there has been no recurrence, altliongli the 
second operation was done six months ago. 

The prospi-et of enre in these rase.s ilepends on the sir.e of the hernia, its loca- 
tii'it and the strength of the sirnctnres surrounding the defect. A hernia just 
under the cosud margin is ditlienlt to repair heeanse of the rigidity of adjacent 
strnrtmes. .\ hernia ap])e;iring just alxtve the itnhic hones comes in the same 
category. 1 once rejtaired a massive hernia in this region hy means of preserved 
fascia strijts. hnt when the oiier.ition was over 1 was not satisfied that the defect 
was firmly closed at the lower border, which was formed hy the unyielding 
pubic hone. .'V suiall recurrence soon appeared at this point. I am convinced 
that the proi)er iirocednre in this case would have been to drill holes in the 
jnihic hone and to insure a cure by running the fascia strips through the holes 
in order to bring the ahdomin.al fascia into snug apposition with the bone, thus 
effecting a secure closure of the lower border of the defect. An attempt had 
been made to run the fascia strips under the j)eriosteum of the hone, hut appar- 
ently the bite was not strong enough to he effective. 

CONCLUSIONS 

Xo one can see tnatiy large postoperative hernias atid note the dis- 
tressing sytnptotns and disabling cfTccts that they produce without being 
impressed with the rcsiiotisibility of the physician in seeking to avoid 
this almost etitirely prevetitablc condition. Small postoperative hernias 
arc easy to cure, and large ones may be difficult or impossible to cure. 
This should always be carefully pointed out to the patient, and the 
natural tendency to put off the operation should be firmly discouraged. 



STAB ^^'OUND OF 'J'HE HEART 


A KKPORT OF TWO CASKS 

FENWICK BEEOIAN, AI.D. 

XEW YOUK 

It is with some hesitancy that I report these two cases of stab wound 
of the heart, with recoveiw in one after a cardiorrhaphv, as I realize 
that the operation of suturing the heart muscle in wounds of that organ 
has been performed many times during the last thirty years, with 
recovery of the patient in from 50 to 60 per cent of the cases, and that, 
in the last few j^ears, much valual^le work on the surgical treatment of 
the heart has been published. However, it must be recognized that all 
has not been learned concerning this condition, for the chance of seeing 
such cases does not come to every surgeon, and few see more than one, 
and as each case may present some particular condition not found m 
the others, there is reason for publishing its history so that a large 
number of cases may be collected for study. Unfortunately, most of the 
reported cases are the successful ones, while those in which the patients 
died are forgotten, though in many instances the findings, if reported, 
might have been of the greatest value, and a more exact rate of mor- 
tality would have been obtained. Therefore I am reporting two cases 
that contain facts of interest. 

My first experience with a patient suffering from a wound of the 
heart occurred in 1915, at which time I operated on a man with a 
penetrating wound of the chest which involved the heart. 


REPORT OF CASES 


Case 1. — History . — A man, aged 28, an Italian, was admitted to the prison 
ward at Bellevue Hospital on the morning of Sept. 22, 1915, having shortlj' be ore 
admission been stabbed in the chest with a large carving knife. 

E.vauiination. — The man was in an extreme state of shock and unconsciousness, 
respirations were rapid and labored. Over the edge and parallel to the left costa 
margin was an incised wound measuring about ]J4 inches (3.5 cm.) in lengti, 
the mesial end of which was about inch (1.3 cm.) from the midline. d 

every inspiratory movement of the chest there was a gush of dark blood from 1 1 
wound. 


Operation . — Since the operating room was prepared, the patient was immediate , 
taken there, and, without anesthesia, a skin incision was made just lateral ^ 
left border of the sternum at the level of the second costal cartilage and carric 
down to the fourth cartilage and thence obliquely outward. The skin flap 
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uiniicd wns rniVcd. T1 il‘ fourth niid fifth cosi.-d cartilnRCs were resected and the 
sixth and seventh divided. On enterinir the anterior inediastimnn, a large amount 
of iilood was evacuated and a wound was found which penetrated the wall of the 
chest initncdialcly ahove the attachment of the diapliragm to the costal horder. 
T Ins was ‘'suck-in.g.” and was found to comnninicatc witli the left pleural cavity, 
and to lead also into the pericarilial sac. \\ hen the pericardium was opened, a 
large nuinher of hlood clots were found, and a wound 1 inch (2.5 cm.) in length 
was discovered on the anterior surface of the heart, along its lower horder. From 
this a large quantity of hlood sjuirted with each movement of the heart. An 
attempt was made to suture the wound, tlii- heart being steadied by means of 
.-Mlis clamps. However, before the suture was completed, the patient died. The 
estimated [leriod of time from the infliction of the wound to the time of death was 
between three quarters of an hour and one hour. 

Atitof>sy . — .-\utopsy was performed on .September 22 by Dr. Otto Schultze, 
medical assistant to the District .Attorney of Xew York County. The important 
facts discovered by this e.xamination follow : The body was that of a young man, 
5 feet 2'A inches (15S.1 cm.) in height, weighing 130 pounds (59 Kg.), with good 
muscular development. Rigor mortis was e.xtremcly marked. The mucous mem- 
branes of the lips were pale. The stab wound was found to be Ij4 inches in 
length, situated on the left side of the anterior surface of the thorax, the upper 
end of the wound being •)'^ inch (1.2 cm.) to the left of the median line and the 
lower end -34 inch (1.9 cm.) to the left of the median line, therefore being slightly 
oblique and situated over the cartilaginous margin of the thoracic wall. The wound 
passed through the seventh and eighth costal cartilages above the diaphragm and 
then through the pericardium, and also opened the left pleural cavity. The wound 
through the anterior wall of the pericardial sac extended from the diaphragm 
upward, and corresponded to the external wound, measuring l-kt inches in length. 
The sutured wound of the ventricle was 1 inch in length and extended over the 
anterior surface of the right ventricle to the margin of the right ventricle at the 
junction with its diaphragmatic surface, corresponding in situation exactly with 
the stab wound described in the skin. There were two sutured wounds on the 
e.xternal surface of the left ventricle; one extended from the ape.x upward for a 
distance of inch, the other wound was -kj inch above and was identified as being 
produced by a clamp used to raise the heart at the time of operation. When the 
heart was opened, a wound through the interventricular septum was found, which 
measured 1 inch in length and eorresponded in position with the external wound 
in the skin and with the wound in the wall of the right ventricle of the heart. The 
sutured wounds described on the external surface of the left ventricle showed no 
corresponding wound in the endocardium, so the knife passed through the wall of 
the right ventricle and interventricular septum. The thickness of the thoracic wall, 
including the costal cartilage, muscles and skin, was about 1 inch. The distance 
from the wound in the interventricular septum to the wound in the wall of the 
right ventricle was 2)4 inches, allowing 1 inch for the thickness of the wall of the 
chest, so that the whole depth of the wound, from the skin to the interventricular 
septum, was 3)4 inches. 

The left lung was partly collapsed. Its pleural sac contained about 1 quart of 
bloody fluid and a few drachms of blood clot. The right pleural sac was obliter- 
ated by old adhesions. 

.All the organs showed signs of acute anemia. 

Comment . — In case 1 it should be realized from the observations at 
autopsy that the extent of the injurj' was not of a tj'pe in which a 
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successful oulcomc could be expected, and it seems difficult to explain 
how the patient lived as long as he did, as death was a])parently due to 
acute hemorrhage, cardiac tami)onade playing little if any ])art in the 
fatal outcome. .A. break in the operative technic w.as made by grasping 
the sui face of the heart with Allis clamj^s, as these tore the musculature. 

However, the experience gained in this case stimulated further study 
in the hope that at some future date a similar injury might he seen. In 
the spring of 1927, the occasion arose. 

Case 2. Ilislory. A Negro, aged 23, was admitted to Lincoln Hosi)ital at 11 
a. m. on June 2, 1927, having just been stabl)cd in the ebest with a pair of scissors. 

Examination.— The patient was in deep shock, and it was difficult to arouse him; 
us skill was cold and clammy, his pulse was imperceptible at tbe wrist, and his 
leart sounds could not be heard. At a point level with and 1 inch to the right 
o tie left nipple there was an incised wound measuring inch in length. The 
cardiac duhiess was said to be enlarged to the left and downward. The pericardial 
sac was aspirated, and about 100 cc. of blood withdrawn; immediately, following 
t e aspiration, the patient’s condition improved, and he apparently was more com- 
fortable. At this time his temperature was 100 F., the pulse rate, 94 and the 
respiratory rate, 30. A roentgenogram, obtained with a portable apparatus, showed 
a gperal clouding of the low-er left side of the chest. 

first saw^ the patient at 3 p. iii., four hours following the injury. At this time 
t le pu se was rapid but of fair quality. The ape.x beat w'as seen in the fifth inter- 
space an the nipple line ; the cardiac dulness apparently was not enlarged, and the 
^art sounds w’ere normal. The blood pressure w’as 110 systolic and 76 diastolic. 

t / . 45 p. m., approximately nine hours after the injury, the patient’s pulse 
became rapid and w^eak and the respirations dyspneic. The apex beat had disap- 
peared, and the cardiac dulness was found to be enlarged to the left. The heart 
sounds w'ere distant. The patient w'as operated on at 8:15 p. m., ten hours fol- 
owmg the injury. Ether anesthesia was used. 

otion. A vertical incision was made over the midline of the sternum at the 
®^cond rib and carried down to the level of the costal cartilage of the 
' second incision, starting at the latter point, w'as made for 3 inches 

crn.) o^er the fifth costal cartilage and rib. The triangular flap thus formed 
\\as raised from the ribs and intercostal muscles. The perichondrium over the 
0 irt 1 and fifth ribs was separated, and the cartilages of the ribs w'ere divided close 
o t le sternum. The cartilages were then broken at their junction to the ribs, 
s soon as the cartilages of the fifth rib w'ere separated from the underlying tissues, 
lere was a gush of bright red blood, wdiich w’as found to be emerging from a 
w oun a lout 1 inch in length in the pericardial sac. The internal mammary artery 
s ou ligated and divided. The third costal cartilage was separated at its 
junction with the sternum, and retracted upward and outward. The fibers of the 
triangular muscles were separated, and the pericardial sac exposed. The latter was 
openee )y a \ertical incision along the left border of the sternum for about 3 
inc les. n addition to the bright red blood that had already been evacuated, a 
‘ rge mini er of red and “chicken fat” clots were found in the pericardial sac. 

A *< y^’i^tcrse wounds on the anterior surface of the left ventricle were found, 
-iiirf, placed in the apex of the heart, w'hich steadied it enough to 

iiifp r mcisions,^ which were bleeding, to be closed ; the upper one with three 
_ - ,1 ^ sutures of no. 0 chromic catgut, the lower one by two interrupted sutures 

-‘me material. The pericardium was closed b 3 ' interrupted sutures of 
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clinmiic catgut, leaving alioiit 34 incit of tlic Inwcr portion of the incision open, to 
wliicli, hut not tlirough wliicli, a rubber (lain drain was connected. The muscles 
of the wall of the chest were closeil with mattrc'-s sutures of chromic catgut, and 
the skin with interrupted silkworm-gut suture The iiatient’s condition was decid- 
edly improved following operation. 

The operation lasted for thirty-five minutc'. and as soon as the intrapericardial 
tension was relieved the pulse became slower and of better quality. The pleural 
cavity was nut oiiened cither hy the injury '.r by the operation. 

Course . — The following morning the patient'-^ condition was slightly improved, 
though he was still in a precarious condition The pulse was of fair cjuality, regular 
and rapid; the temperature was 102 F., and he was still suffering a great deal from 
dyspnea, the respiratory rate heing as high a^ 40. There was no cough. The dress- 
ings were slightly stained with hlood. E.vammation of the blood showed: red blood 
cells, 3,900,000; hemoglobin, 78 per cent: white blood cells, 6,400; polymorpho- 
nuclears, SS per cent, and monocytes, 12 per cent. 

Suddenly that afternoon the patient's condition became worse, with signs of 
collapse, delirium, cold e.\trcniitie5, a pulse rate of 120 and labored respiration, 60 
per minute. 

The second day following operation, his condition was about the same : tem- 
perature, 103 F. : iiulse rate, 120; respiration, 00, and a blood pressure of 130 
systolic and 65 diastolic. The wound was dressed and the drain removed. The 
prccordium was pulsating violently. A note made by the medical consultant was 
as follows : “.A.t the outer border of the heart, there is a friction rub synchronous 
with respirations and with the heart beat, pleuropericardial. There are dulness 
over the base of the left lung, bronchial voice and breathing, consolidation and 
pneumonia in the lower lobe of the left lung.” 

The third day following the injury, the patient’s condition continued the same, 
with labored respiration. .\ cough produced thick, yellowish sputum, streaked with 
blood. That afternoon the respiratory rate reached 70 per minute. 

On the fourth day there was well marked dulness at the bases of both lungs, 
with crepitant rales. The sputum was decidedly rusty. On the ninth day, in his 
delirium, the patient jumped out of bed and ran the length of the ward. .A. roent- 
genogram of the chest on this day showed clouding of the entire right side of the 
chest, with the e.xception of small areas at the base and upper lobe of the lung. On 
the tenth day following admission, the patient’s condition was decidedly improved. 
There were well marked signs over the right side of the chest of a hydropneumo- 
thorax, and aspiration produced thick, foul-smelling pus of a chocolate color, 
together with gas. 

On June 15, thirteen days following the injuo'. the eighth right rib in the poste- 
rior axillary line was resected, and the right side of the chest drained. At this 
time an opening of an abscess on the surface of the lower lobe of the right lung w'as 
demonstrated. From that time the patient continued to improve; the temperature 
dropped gradually, but the respiratory rate stayed above 50 for at least two weeks 
longer. He was discharged from the hospital, with wounds healed, on July 22, 
forty-nine days after admission. He was seen two months after discharge, and 
he had returned to work and was apparently well. Unfortunately, he then disap- 
peared from observation and could not be traced. 

COMMENT 

Case 2 presents a series of events that are of interest : a stab wound 
of the heart, which was probably onlj' penetrating, followed by cardiac 
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tamponade, which was tcmporaril)’' relieved b}' aspiration of the peri- 
cardial sac, and recurrence of the tamponade followed by pericardotomy 
and suture of the wounds in the musculature. A stormy convalescence 
ensued, pneumonitis of both lungs developing and an abscess of the 
right lung which ruptured into the pleural cavity, producing pyo- 
pneumothorax on the right side. The relation of the pneumonia to the 
injury of the heart is obscure. A roentgenogram of the chest, obtained 
some hours after the patient received the injury, though a poor film, 
showed general clouding of the entire left side of the chest. This was 
not due to hemothorax, as the pleural cavities were not opened at any 
time. The possibilit}" of a coincident pneumonia has to be considered. 
The postoperative course of this patient was quite similar to that of a 
patient whose case was reported by Cole,^ in whom there were definite 
physical signs of pneumonia the da}" following the injury. Recently 
Cox - reported a case that was followed b}" bronchial pneumonia in the 
left lung and fluid in both pleural cavities. 

In comparing the two cases reported in this paper, it is evident that 
the type of injui'y in the first was severe and was not such that the 
patient could be benefited by operation. The wound in the wall of the 
chest was large and opened the left pleural cavity. The wound in 
the wall of the heart was long, perforating and in the vertical axis of 
the heart. It was situated in the right ventricle, and there was a second 
long wound in the intraventricular septum. There must have been a 
decided derangement of the circulation within the heart from the latter 
opening. There was free bleeding from the wound in the wall of the 
right ventricle, but no tamponade, as the blood passed directly from 
the pericardial sac into the left pleural caA'ity, from whence much 
escaped through the large wound in the wall of the chest on every 
respiratory movement. This patient apparently died from loss of blood 
and intracardial derangement of the circulation. 

In case 2, the wound in the wall of the chest was small and did not 
enter the pleural cavit}". Likewise, the opening in the pericardium was 
small. Though the wounds in the heart were small and nonperforating, 
they allowed sufficient blood to escape to produce increased intrapen- 
cardial pressure and cardiac tamponade. The cardiac tamponade was 
temporarily relieved by lowering of the intrapericardial pressure by 
means of aspiration, and it appeared for a time that further surgical 
intervention might not be needed, for the signs of cardiac tamponade 
did not reappear until a lapse of from seven to eight hours. Conse- 
quently, either the bleeding from the cardiac wound during this period 

1. Cole, W. H.: Ann. Surg. 85:647 (I^Iay) 1927. 

2. Cox, D. M.: Wounds of the Heart; Report of Two Cases, Arch. Snrg. I7. 
484 fSept.) 1928. 
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must have been slight, tliough at operation a fair quantity of blood was 
found to be escaping from the wound in the wall of the heart, or a clot 
may have formed which ])rcvcnted the bleeding for the time being, 
later becoming dislodged. 

Wounds of the heart may be divided into those that onl}' penetrate 
the musculature and those that perforate and enter one of the chambers. 
It is evident that the greatest number of cases that reach the surgeon 
are of the former type. 

Perforated wounds are of necessity rapidly fatal, an example being 
case 1 reported in this paper. Wounds that penetrate the musculature 
but do not enter one of the chambers of the heart are not as rapidl}' 
fatal (case 2), unless a large branch of one of the coronaiy vessels 
is involved, for death in these cases is not due to the loss of blood but 
to the development of a cardiac tamponade, which, though bleeding 
slowly, maj- kill in a short period of time, as the pericardial sac is small 
and the membrane is nonexpansive. The position of the wound in 
most cases that reach the surgeon is found to be in the left ventricle, 
as its wall is the thickest, and consequently there is more chance that 
the wound is merely penetrating in character. 

There is little doubt that every person with a wound of the heart 
should be operated on. This becomes imperative if he shows any signs 
of approaching cardiac tamponade. However, the aspiration of blood 
from the pericardial sac may be a life-saving procedure to reduce intra- 
pericardial pressure temporarily in those cases in which the patient has 
not been seen until a marked degree of cardiac tamponade has developed, 
so that time ma}- be obtained to make such preparations as are necessarj- 
for surgical intervention. 

SUM WAR V 

Two cases of stab wounds of the chest that involved the heart are 
reported. In the first there was a perforating wound of the right 
ventricle which was rapidh- fatal as a result of loss of blood. In the 
second there was a penetrating wound of the musculature of the left 
ventricle, a cardiac tamponade developing which was temporarily- relieved 
by' the aspiration of blood from the pericardial sac; this case later 
came to operation, and the wound was sutured. The patient recovered, 
following a stormy' convalescence in which pneumonia of both lungs, 
an abscess of the right lung and empyema developed. 



EXPOSURE OF THE HEART TO ATMOSPHERIC 

PRESSURE 

EFFECTS ON THE CARDIAC OUTPUT AND BLOOD PRESSURE 
ALFRED BLALOCK, M.D. 

NASHVILLE, TENN. 

During' the earty part of the present centuiy a great deal of attention 
was focused on the use of a chamber in which negative pressure could 
be maintained during operations on the chest. Such a chamber “ivas 
devised b}" Sauerbruch ^ and was emploj'ed extensively in Germany. 
Subsequently this method was discarded because of the inconveniences 
which were associated with its use and because a method for inflating 
the lungs by positive pressure was devised. Recently Beck and his 
associates in this countiy have revived interest in the negative pressure 
chamber as a result of the experimental work that they have performed. 

Beck and Cox - and Beck and Isaac ® found that exposure of the 
heart of the dog to atmospheric pressure caused a rise in the venous 
pressure, a temporary decline in the arterial pressure and a decrease in 
the output of the heart. In the experiments of Beck and Cox ■ the 
output of the heart decreased from 15 to 30 per cent following the 
opening of the pericardium. Pneumothorax resulted in several of 
the dogs from the puncture holes in the pericardium. A few of the 
oliservations were made on unanesthetized dogs. Ether, amytal, ethyl 
carbamate or morpliine was used as an anesthetic in most of the experi- 
ments. The later studies of Beck and Isaac ® were performed on dogs 
that were profoundl}' anesthetized by morphine and sodium barbital. 
On opening the pericardial cavit}’^ to atmospheric pressure, a reduction 
in tlie output of tlie heart equal to 36 per cent of that obtained during 
the control period occurred. Negative pressure was then applied to the 
liericardial cavity. This resulted in a reduction of the venous pressure 
to approximately that obtained in the control period, but the cardiac 
output did not return nearly to the original level. Tlie increase in the 
output of the heart was only 14 per cent. 

From tlic Departnicnf of Surgery of Vanderbilt University, 

1. Saucrbrucl), F, : Ueber die physiologischen und pbysikaliscben Grundlagcn 
bei intratborakrden Eingriffen in nieiner pnciimatischen Operationskanimer, Ver- 
Iiandl. d. deutseb. Gesellscb. f. Chir. 33:103, 1904. 

2. Beck, C. S.. and Cox, \V. V.: The Effect of Pericardiostomy on tbe 
Mecbanic? of tiic Circulation, Arch. Siirg. 21:1023 (Dec.) 19.30. 

Beck. C. S., and Isaac, Lcabellc: Pncumocardiac Tamponade: A Sttidj 
' ! she Effects of .Atmospheric Pressure. Negative Pressure and Positive Pressure 
Upon t!;e Heart, J. Thoracic .Surg. 1:124, 1931. 
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If tlu‘ prr^snro nf ilic •■itinnspluTf wtTf responsible for the decrease 
in the output of the heart in tlie experiments referretl to, it would 
appear tliat the applie.ation of nej^ative pressure to the pericardial cavity 
should result in a return of the cardi.ac output to the ])reviotis level. In 
an effort to obtain further information on this pf)int, it was decided to 
rei>e;it some of the experiments of I’eclc .and Isaac under slis^htly differ- 
(Mit conditions. 


M KTiion 

Diijis were iisnl in .all e.vitcriimait.'-. L’lulcr ether anesthesi.a tlic pericardium 
was sutured tu tlie wall of the chest hy the inetho<l of P.eck and Cox." Following; 
the healing of the incision and after varying intervals of time, the experimental 
determinations were iierformcd. .At least one hour prior to the control studies, 
the animals were given snhcntanconsly 0.0f).S Gin. of morphine. Using local anes- 
thesia, a cannula that was connected to a mercury manometer was placed in the 
femoral artery for the determination of the arterial hlood pressure. Afaximum and 
minimnm valves were used. 'I'he output of the heart was determined hy the Pick 
principle, which is as follows: 

Cubic centimeters of oxygen consumed per miuutc 

; ; — ; y; — y: : ; "= Cardiac output per min. 

.•\mt. o.xygen taken up hy 1 cc. hlood m passing through 

lungs 

The consumption of oxygen was determined hy the use of a Benedict spirometer. 
'I'lic arterial sample of hlood was ohtained from the femoral artery, and the mixed 
venous sample was obtained by puncture of the right side of the heart. The latter 
puncture was made through the wall of the chc.st in getting the blood for the con- 
trol determinations. Thereafter it was made through the pericardiostomy opening. 
In some experiments the hlood that was removed was replaced by an equal amount. 
The oxygen content of the blood was dctcriuincd on the Van Slyke-Neill inano- 
inetric apparatus. 

After the completion of the control determinations, the site of the previous 
operation was infiltrated with procaine hydrochloride, and an opening 2 cm. square 
was made in the pericardium. Studies were performed thirty minutes after the 
pericardium was opened and at varying intervals thereafter. At the completion of 
the experiments, the animals were killed and autopsy was performed. 


UF..sur/t's 

In the first two e.xpcrinietits the pcricanliittii was opcticcl two weeks 
after it had heeti siiturecl to the wall of the chest. This proccchtre w'as 
believed to he associated with the production of a pneuinothora.x. The 
output of the heart decreased, and the arterial hlood pressure declined 
slightly. It was decided that it was necessaiy to allow a longer interval 
of time to elapse hetw'een the original operation of suturing the peri- 
cardium to the wall of the chest and the pericardiostomy if pneumo- 
thorax was to be avoided. The results of an experiment in which it 
was thought that the incision was accompanied by the entrance of air 
into the pleural cavity are given in table 1. There was a slight decline 
in the output of the heart shortly following the incision, which later 
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Table 1. — The Effects oj Pericardiostomy ou the Cardiac Output and 

Blood Pressure * 






.Maxi- 

Mini- 






Artcrln- 

mum 

mum 






venous 

mood 

DIood Consump- 



.\rterinl 

Venous 

DllTcr- 

Pres- 

Pre.s- 

tion of 

Cardiac 


O.xygen, 

O.xygcn, 

once, 

.«urc, 

sviro, 

O.xygen, 

Output 


Weight, per Cent 

per Cent 

per Cent 

Mm. 

Mm. 

Cc. per 

per Jlin., 

Time 

Kg. by Yol. 

l)y Vol. 

!)>• Vol. 

Ilg 

Ilg 

Min. 

Cc. 

Control 

30 minutes after periear- 

12.0 IS.St 

in.2S 

.5.50 

IfhT 

S3 

O’.r, 

1,002 

diostomy 

1% hours after periear- 

20.22 

in.os 

0.31 

103 

70 

90.11 

1,3S3 

1,S41 

diostomy 

in.so 

15.2t 

1.50 

103 

79 

sn.o.i 


* Jan. 12, 1D32: The pericardium was sutured to the wall ot the chest. 

,Tan. 2S; Determinations were made. On openinK the pericardium a sucklnK sound was 
audible. It was feared that the doc ROt a small amount of air In the pleural cavity. 


Table 2. — The Effects of Pericardiostomy on the Cardiac Output and 

Blood Pressure * 



Arterial 

Venous 


Oxygen, 

Oxygen, 


Weight, per Cent 

per Cent 

Time 

Kg. by Vol. 

by Vol. 

Control 

10.0 H.2S 

7.20 

SOminutes after opening 
pericardium 

13.22 

S.8S 


Arterio- 

venous 

Maxi- 

mum 

Blood 

Mini- 

mum 

Blood Consump- 


DifTer- 

Pres- 

Pres- 

tion of 

Cardiac 

cnce. 

sure, 

sure, 

O.xygen, 

Output 

per Cent 

Mm. 

Mm. 

Cc. per 

per Min.i 

by Vol. 

Hg 

Hg 

Min. 

Cc. 

7.0S 

150 

3S 

7S.S 

1,113 

0.34 

152 

00 

97.S 

1,543 

C.S0 

124 

7S 

93.2 

1,359 


05 minutes after opening 
pericardium 


13.72 


S.SG 


* Feb. 11, 1032: The pericardium was sutured to the wall of the chest. 

March 9: Studies were performed. The pericardium was securely anchored to the wall of 
the chest in the neighborhood of the incision. I'O pneumothorax resulted. 


Table 3. — The Effects of Pericardiostomy on the Cardiac Output and 

Blood Pressure * 


Time 

Weight, 

Arterial 
Oxygen, 
per Cent 

Venous 
Oxygen, 
per Cent 

Arterio- 
venous 
Differ- 
ence, 
per Cent 

Maxi- 

mum 

Blood 

Pres- 

sure, 

Mm. 

Mini- 

mum 

Blood Consump- 
Pres- tion of Cardiac 
sure. Oxygen, Output 
Mm. Cc. per per Min.. 

Kff. 

by Vol. 

by Vol. 

by Vol. 

Hg 

Hg 

Min. Cc. 

Control 


1S.4S 

12.90 

5.5S 

1S2 

90 

03.3 1,170 

30 minutes after 
tion 

opera- 

19.0S 

15.00 

4.03 

170 

SO 

S0.3 1.903 

2', 4 hours after 
tion 

o^cra- 

IS. 90 

12.S0 

G.IG 

193 

90 

90.4 1,403 


Bcricardium was sutured to the wall of the chest, 
onr-viorl.rt performed. At autopsy the pericardium was found t( 

collapse of *thc flip's chest. There was no thleVening of the mcdiastini 


he securely 
pleura or 
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Tapu: 4.— 

■77i,- 

Effects of Pcrieoi diosloiiiy on 

the Cardiac 

Output 

and 



Blood Pressure * 









,Ma.vl. 

Jllnl- 






Arlerlo- 

ninm 

mum 






venous 

Illood 

Illood Oonsuinp- 




Arterial \enous 

i hirer- 

I'rcs- 

rres- 

tlon of 

Cardiac 



t.'syren, Ovygen, 

rnee, 

sure, 

sure, 

O.vygen, 

Output 



^^< iI.•ht, prrfVnl per Ont 

per Cent 

Mm. 

Mm, 

Ce. per 

per l\Hn., 

’I'lme 


I'l:. by Vol. by Vol. 

by Vol. 

llg 

Ilg 

Min. 

Ce. 

t'unitid. 


IPO lO.OS 13 02 

c.oo 

nn 

SI 

10S.3 

1,7S7 

inlJiTJtrf after < 

•p'rn 







tion.. 


is.nc i2.se 

n.no 

172 

S.'. 

122.0 

2,2IS 

-’i lH*ur‘ nftrr < 

’p' r;« 







tlon 


•.'0 01 II.S2 

S.2-2 

100 

101 

1-12.1 

1,720 

• Ibe. .ll. l;i.;i; 

•I'he 

pericardium was sutured to 

the uall of the chest. 




Mnrrii 21, 1P12: Similes were vortormnl. At miloiisy the pericardium was lomid to bo 
“niirrly anrliorod at nil points adjacent to the liiebloti. 


TMii.r. 5 . — The Effects of Penean/iosloiiiy on the Cardiac Oii//>i(/ anil 

Phod Pressure * 



Arterial 

Venous 


O.vygcn. 

O.vygen, 


Weight, per Cent 

per Cent 

'i'lme 

Kg. by Vol. 

by Vol. 

Control. . . 

. . . H.2 IJ.-n 

10.72 

POmlnutes alter opening 


pericardium 

1.-.'I2 

10.30 

2'-i hours after 

Opera- 


tlon 

M.IO 

O.GG 

I',!i hours alter 

Opera 


tlon 

; 1.1.02 

0.3G 



Maxi- 

Mini- 



Arlerlo* 

mum 

mum 



venous 

Blood 

Blood Consuinp- 


Differ* 

Pres- 

Pres- 

tlon of 

Cardiac 

cnee. 

sure, 

sure, 

O.xygcn, 

Output 

per Cent 

Mm. 

Mm. 

Co. per 

per Min., 

by Vol. 

Ilg 

Hg 

Min. 

Ce. 

3.G2 

1S7 

77 

80.3 

2,407 

.*>.12 

no 

73 

no .2 

2,270 

•1.41 

ICO 

SO 

00.3 

2,171 

•I.GG 

103 

S7 

01.1 

2,010 


• ,Ian. 12, 1032: The pericardium was sutured to the wall of the chest. 

JIarcli 22: Studios were performed. Ko opening into the pleural cavity was found at 
autopsy. Imiiicdlatcly after opening the pericardium a sucking sound was heard, which was 
hcllcvcd not to ho due to an opening Into the pleural cavity but to air entering and leaving 
the pericardial cavity. 


Tabi.e 6. — The Effects of Pericardiostomy on the Cardiac Output and 

Blood Pressure * 


Time 

Control 

30 minutes after pericar- 
diostomy 





Maxi- 

Mini- 





Arterio- 

mum 

mum 





venous 

Blood 

Blood Oonsump- 


.Arterial 

Venous 

Differ- 

Pres- 

Pres- 

tlon of 

Cardiac 

O.xygcn, 

O.xyfTcn, 

ence, 

sure, 

sure, 

O.vygcn, 

Output 

Weight, per Cent 

per Cent 

per Cent 

Mm. 

Mm. 

Ce. per 

per Min., 

Kg. by Vol. 

by Vol. 

by Vol. 

lie 

Hp 

Min. 

Ce. 

10.1 23.10 

1S.72 

•1,14 

ISG 

05 

177.1 

3,0S9 

22.02 

IS.OO 

4.02 

ISS 

93 

179.3 

S,G44 


March 23, 1032: The pericardium was sutured to the wall of the chest. 
May C: Studies were performed. No pneumothorax resulted. 
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returned to a level that was slightly higher than that existing before. 
The arterial blood ])ressure was unaltered. In the remaining experi- 
ments from four to ten weeks separated the original operation and the 
subsequent studies. 

In one experiment the animal was not quieted by morphine, and 
sodium barbital was injected intravenously. A rather marked decrease 
in the output of the heart was noted following the ])ericardiostomy. The 
findings in this experiment are in accord with those of Beck and Isaac." 

In the remaining five experiments morphine, supplemented by the 
local injection of procaine hydrochloride, was used as the anesthetic. 
The output of the heart in three of the five experiments was found to 
be greater following the opening of the pericardium than it had been 
previously, while in two of the experiments it was somewhat lower. In 
most of the expei'iments the alterations were probably within the limits 
of error of the method and of the normal variations in the output of the 
heart. The maximum and minimum arterial blood pressures remained 
remarkably constant except for a decline in the maximum pressure and 
a rise in the minimum pressure shortly before the completion of one 
of the experiments. The results of these experiments are given in 
tables 2, 3, 4, 5 and 6. 

COMMENT 

If a method were available by which the output of the heart could 
be determined immediately after exposure of the heart to the pressure of 
the atmosphere, quite likely a decrease in the output would be found. 
This pressure on the veins at the base of the heart is probably associated 
with an initial deci'ease in the amount of blood returning to the heart and 
hence with a decrease in the cardiac output. The studies reported here 
indicate that this decrease, if present, is only temporary. If marked 
disease of the circulatory system were present, it is doubtful if this 
readjustment would take place. Evidence on this point is lacking, as 
the present experiments and those of Beck and his associates were 
performed on normal dogs. 

There are several objections to the use of a chamber in which the 
pressure is maintained at a constant negative level. The negative 
pressure in the pleural and pericardia] cavities is constantly changing, 
and a large part of its beneficial effect is due to this characteristic. 
In the chamber that was devised b}-- Sauerbruch the negative pressure 
was applied to everj^ part of the patient’s body surface except for the 
head and part of the neck. Certainly some of the desirable effects of 
iiaving a negative pressure at the site of the veins entering the peri- 
cardium will be counterbalanced b}' also having a negative pressure 
existing around the abdomen and extremities. It is the difference 
between the pressures existing in the chest cavity and those in the rest 
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oi Uu’ Iwtly is inipordint in influoncini^ the rcUini of blood to the 
heart. It has recently been found l)v Harrison ' tltal the alternate 
apjilication of positive .and nej^ative pressures to all of the body except 
the head, sunicient to produce ovevventilation. is associated with a 
<lecrease in the cardiac output. Tlie full advantai^acs of the negative 
]n'ess\n'c chamber would be realimi if it included only the chest and 
if the pressure fluctuated. 

.SO.M M.VKY 

The cardiac output .-ukI the maximum and minimum arterial blood 
liressnres of dogs were determitwd before and after the exposure of 
the heart to atmospheric pre.ssurc. No definite alterations in the arterial 
pressures were noted, and the changes in the output of the heart were 
not marked. Tn some experiments the cardiac output increased slightly, 
and in others it decreased slightly. Indications for the use of the 
Sauerbruch negative pressure chamber are not supplied by the results of 
these experiments on normal dogs. Some of the undesirable features 
of the apparatus arc described. 

•t. Harrison, T. R.; Personal communication to the .nithor (1932). 
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Anomalies. Friberg ^ reported a case of double kidney in which 
theie were hydronephrosis and a stone in one of the renal pelves. The 
diagnosis was made before operation. Heminephrectomy was per- 
foimed, after which the patient recovered. 

Rumpel- described a case of a one-sided “Langniere,” so-called 
ciossed dystroph)', in which the entire fused renal mass was on one 
side. The lower kidne}^ was pyonephrotic. A median line abdominal 
incision was made ; the destroyed renal segment was resected and 
removed transperitoneally. 

Pierson ^ stated that true unilateral fusion of the kidneys is one of 
tie latest types of renal anoinal 3 L Morris found only 1 case in 15,908 
postmortem examinations, and Steward and Lodge reported 1 in 6,500. 
In some cases the condition has been observed at birth and in the eighth 
decade, but it occurs most frequently in the third decade. 

The symptoms of this anomaly arise from its complications. Pain 
t le most coninion siaiiptoni, and iiia}' i^ary from only slight discom- 

T-T,-,!,-,, Triberg, Sten . Heminephrektomie bci einer Niere mit zwei Uretercn mit 
(Marcii eincn Nierenbecken, Acta cliir. Scandinav. 69:393 

foninl •^^‘crenresekfion bei cinseitiger Langniere (gekrcuzte Dys- 

top.e), Zcntralbl. f. Chir. 59:1290 (May 21) 1932. 

icrson. L. E. : Unilateral Fused Kidney, J. Urol. 28:217 (Aug.) 1932. 
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fort in thi- h:ick or alxlonion to sevoro pain, wliich niay resemble that 
of a caicnlns, as was (k-inonstrated in Pierson's case. All types of 
anomalies in fusion arc potential factors in the production of dystocia, 
I’ccanse of the fact that true unilateral fused kidne 3 'S lie higher in the 
abdomen than anomalies of the jrelvis, there is less tendency for such a 
complication. 

'J'he treatment of this condition, as in the case of any renal anomaly, 
depends on the complications, such as infection, calculus or other patho- 
logic conditions. In these cases the complication alone is treated. Pier- 
sou re]rorted 1 case of unilateral fused kidney, making a total of 103 
cases reported in the literature. 

[Co.'UfjtJCKs’ Notk. — The clinical symptoms observed in anomalies 
of the upper part of the urinaiy tract are important because they may 
mislead in the diagnosis and, without any evidence of complications or 
associated pathologic changes, the patients may have severe pain in the 
back or in the abdomen. The pain may be directly due to pressure 
exerted by the anomalous organ on surrounding anatomic structures. 
.\ urographic examination should be made if the condition is sugges- 
tive of a renal anoinal}-, in an effort to ascertain whether this is present. 
The treatment should not alwa)'s be directed entirel}" to the associated 
changes, but also to the anomalj^ itself. In' cases of horseshoe kidne}^ 
a division of the isthmus and nephropexy at times relieve the clinical 
symptoms and prevent the occurrence of further changes by securing 
a better position and better drainage for the organ.] 

Stone . — Papin anal 3 'zed 136 cases of renal lithiasis. The indica- 
tions for radical and conservative operation were considered, as well 
as what he considered the best conservative procedures. 

Sixty-five of the 136 patients had had nephrectom 3 '' performed, 64 
had conservative operations, and for 7 all t 3 'pes of surgical intervention 
were contraindicated. Successful results were obtained in 56 cases 
following neijhrectomy. Five of the remaining 9 patients died of 
operative shock resulting from the removal of large infected kidne 3 's; 
the other 4 patients died of pulmonary congestion, rupture of an 
abnormal artery and fistula of the small intestine. Nephrectomy was 
indicated for the following conditions: lydronephrosis, 17 cases; cal- 
culous p 3 'onephrosis, 11; coralliform stones, 16; large stones, 6, and 
multiple stones, 6 ; p 3 ^elotom 3 ^ was impossible and nephrotom 3 ' dangerous 
in 2. There was 1 case each of atrophic kidne 3 % retrorenal abscess 
with an infected kidney, pelvic kidne 3 ', horseshoe kidney with a fistula, 
a fistula persisting after ncphrotom 3 ^ rupture of the ureter and rupture 
of an abnormal renal vein. 

4. Papin, Edmond: Irtndc sur la chirnrsie de la litliiase renale ct cn p.Trticn- 
licr snr les mctliodes conscrvatrices. Arch, d, mal. d. reins G:49.3 (Jfay) 1932 . 
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Four (6.25 per cent) of the 64 patients treated conservatively died; 
3 of these deaths were in the series of 12 cases in which nephrectomy 
was performed, and 1 occurred following i)yelotomy with suppuration 
of the kidney, which required secondary nephrectomy. This case repre- 
sented 1.9 per cent of the 52 cases in which pyclotomy was performed. 
Hemorrhage occurred from the wound in 1 case, and there were 
repeated internal hemorrhages in another case eight and fifteen days 
after operation. Recurrence of stone on the same side was observed 
in 5 cases, three, five and six years following operation, and on the 
opposite side in 1 case ten years afterward. Bilateral calculi occurred 
in 3 cases. A conservative operation was made possible b}' a complete 
roentgenographic examination, with both ascending and descending 
pyelography, an incision of limited scope, improved methods of suture, 
drainage of the cavities of the kidne}' and of the renal fossa and replace- 
ment of the kidney by means of nephropexy over pledgets of adipose 
tissue. 

Various t 3 'pes of incisions were used. In 10 cases pelvionephro- 
lithotomy was performed with good results. In several cases the lower 
pole of the kidney was freely incised and the incision prolonged, when 
necessary, over the inferior margin of the large lower calyx. In other 
cases the parenchyma was incised along the oblique fold which forms 
a continuation of the posterior lip of the hilus. This was done some- 
times before and sometimes after the pelvis was opened, and by two dif- 
ferent methods : either by a free incision from outside inward, or by 
passing a blunt Reverdin needle between the posterior surface of the 
pelvis and the large lower calyx on the one hand and the wall of the 
sinus on the other, and then through the parencliA'ina, carrying a silk- 
worm suture which was pulled through the parenchyma. Such an 
incision seldom bled, and catgut sutures over pledgets of fat gave 
satisfactory hemostasis. If the pyelonephrotomy was extensive, Papm 
always sutured the pelvis first, and then the i^arenchyma above it. 
In many cases of small stones without much infection the pelvis was 
left open and the renal area drained. In the majority of cases, trans- 
renal drainage was established. Fixation of the kidney is important. 
Papin alwa 3 'S replaced the kidne 3 ’’ in a high position, suspending it 
hammock-fashion b 3 '’ means of its capsule. Whenever the kidnev 
movable, nephropex 3 ’ was performed at the upper pole. 

[Compilers’ Note. — In general, the material reviewed b 3 ^ Papm 
brings out several features of renal lithiasis : 1. Earl 3 ’^ recognition of 

the disease is associated with a more conservative operative procedure, 
which may be undertaken with a slight risk. 2. In a A’ariable number 
of cases (from 4 to 20 per cent), dependent on the chemical t 3 'pe of 
calculus and the nature of the infection, renal lithiasis is recurrent, 
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and ]>roidiylaclic troatiiinil ai^ainst rfciin\Mico over a period of years 
nuisl he carefully carried out. 3. 'I'lic aollior's advocacy of surgical 
iirainnge of the kidney and its lixalitni in a position to insure adequate 
physiologic drainage is noteworthy, as these features constitute per- 
tinent factors in restoring the kidney to an uninfected state and to a 
maximal degree of functional capacity. *1. The selection of cases for 
nephrectomy or for conservative i>))cralion will depend on the operator’s 
surgical judgment in each case. I’apin's estimate of good results follow- 
ing nephrectomy fairly well i)arallcled those in which conservative 
incisions on the Icidncy or renal jiclvis were undertaken. His criteria 
for nephrectomy are well founded. Ifnrthcrmore. they are consistent 
with the clinical judgment of most urologists, in spite of the present- 
day well merited emphasis that is heing placed by .\merican surgeons 
on conservative renal operations.] 

Scholl reported 2 cases of bacterial concretions in the renal pelvis, 
in both cases it was possible to obtain cultures of active colon bacilli 
or a positive culture from any part of the stones, either on the surface 
or from the cut section. In each case the kidney was cither partially 
or almost totally destro 3 'ed and in such a condition that it would have 
been impossible to obtain permanent cure by attempting to remove the 
fragments of stone. 

W’ith regard to the etiology, it was thought that primarily there 
was some kind of nucleus, and .secondarily that there was some type of 
cementing process which caused the masses of bacteria to adhere. There 
seems to be little doubt that the concretions der'clop by continual pro- 
liferation of live bacteria and the addition of cells to the exterior of 
the growing mass. It is also believed that the presence of necrotic 
shreds cast from the wall of the renal pelvis in pyelitis may form the 
nucleus. Many of the patients gave a history of old pyelitis. Some 
investigators are of the opinion that the first event is simple adhesions 
of bacteria that form small masses. The most significant factor in 
these cases seems to be the continuous deposit of bacteria in the renal 
pelvis. 

Heitz-Bo 3 ’er “ stated that he has used roentgen rays for some time 
in operations on the kidne 3 '-, and wished to extend the practice to opera- 
tions on the lungs and to fractures. The roentgen rays are indispensable 
to locate small stones when operating and in cases of multiple calculi 
to ascertain that none has been overlooked. Some small round stones 
are known to move freely about in a dilated pelvis, and may even enter 
the ureter. 

5. Scholl, A. J. : Bacterial Concretions in the Kidney Pelvis with Report of 
Two Personal Cases, Snrg., Gyncc. & Obst. 55:360 (Sept.) 1932. 

6. Heitz-Boyer: Sur la lithiase renale ct .sa technique operatoire, Bull, ct 
mem. Soc. nat. do chir. 58:210 (Feb. la) : 3S6 (Marcli 12) 19.32. 
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Heitz-Boyer expressed the belief that the roentgen ray aj)])aratiis 
should be equipped for taking roentgenograms as -well as for fluoro- 
scopic examination, and that it should permit examination at difierent 
angles. 

Oehlecker ^ reported a case of stones in the kidney which developed 
after trauma. The jjatient, a man, aged 45, had suffered a number 
of fractures and was in bed for some time. A roentgenogram taken 
at the time of the injury showed no evidence of renal stones. Seven 
weeks later, symptoms of renal calculus developed. A roentgenogram 
at that time and at intervals thereafter indicated the definite develop- 
ment of calculi in both kidneys. 

The author expressed the belief that the development of stones 
in this case was due to injur}- to the kidneys and formation of blood 
clots in the renal peh’is, which serA’^ed as a nucleus. Kiimmell and 
Graff have described this condition following renal injury and forma- 
tion of blood clots. Another type of stone in the kidney develops 
after extensive injur}- and fracture of the vertebrae Avith paralysis 
of the bladder. In such cases the formation of stone is due to retention 
of urine in the bladder, causing urinary infection AA-hich ascends to the 
renal pelvis and in that manner forms a stone. 

In ^^^alters’ ® revicAv of urologic surgery from the Mayo Clinic 
for 1931, 60 cases Avere cited in Avhich stones Avere remoA^ed from the 
kidney. In many instances the stones Avere multiple, combined Avith 
mild degrees of pyelonephritis or hydronephrosis. In 6 cases plastic 
operations Avere performed on the renal pehds for relief of associated 
hydronephrosis. Calculi Avere remoA'ed from the ureter by cystoscopic 
manipulation in 20 cases and by ureterolithotom}'^ in 52. No deaths 
occurred among the 66 patients from AAdiose kidneys stones Avere 
remoA^ed; 1 death occurred in the group from Avhose ureters stones 
Avere remoA^ed. 

Nephrostomy Avas performed in 27 cases, and pelviostomy in 5, 
usually as an adjunct to plastic operations on the renal pehds for 
h}^di-opnephrosis and for multiple renal calculi associated Avith renal 
infection. Nephrectomy Avas performed in 135 cases. The larger groups 
included 34 cases in Avhich nephrectomy AA^as performed for removal 
of a unilateral tuberculous kidney. The kidney AA'^as remoA^ed in 26 cases 
because of nephrolithiasis, in 28 cases because of malignant tumors 
and in 27 cases because of marked unilateral hydronephrosis in Avhich 
a conserA-atiA-e operation Avas not AA-arranted. Taa^ patients died fol- 

7. Oehlecker, F. : Ziir traumatischen Entstehung A-on Nierensteinen, Zentralbl. 
f. Chir. 59:1264 (May 21) 1932. 

S. alters. Maltnian: Report of Urologic SurgerA' (ExcIusia’c of Gynecologic 
Surgery) for 1931, Proc. Staff Meet., Alayo Clin. 7:245 (April 27) 1932. 
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lowin;^ rnnoval of a lariio adiaiocarciiioina of tlic kidiic}'. d'lirce o])cra- 
tioiis wore ]K‘rfonncd in ca;;os of liorj^oslioo Icidncy, Iicinincpiirccloni}’ 
Iiciin: done in 1 ca^e. pelviolidioloniy in file second and rciinpIaiUation 
of (lie nrolor in the third for the relief of unilateral hydronephrosis. All 
these jiatients recovered. 

Colic . — Xuvoli and 1 inpioinhato “ reported 150 cases in which there 
was renal colic and in only 26 of which there was accompaiya'iig 
caicniosis. as shown hy roentgenograms. In 134 cases there were altera- 
tions in the vertehral cohnnn. 'I'wo types of regional anonial}' were 
found: 'J'hc twciftli thoracic and first lumbar vcrtchrac were of a tran- 
sitional character, nr there was sacralization of the fifth lumbar vertebra 
or lumbarization of the first sacral metamcrc. Numerical variations 
were also observed, such as a sacrum with 3, 4 or 6 metameres, and 
a lumhar spine with 4 or 6 vertebrae. In the cases of spina bifida the 
neural arch was generally either fissured or entire!}' wanting. Another 
type of variation was the ]>rolongation downward, beyond the fourth 
sacral segment, of the terminal hiatus. 

'I'he pathogenesis of tlic spasms of the urinary passages was 
undoubtedly associated with these deformities. The majorit}' of the 
patients had had painful symptoms in the right and then in the left 
lumbar region, or on one side only, over a period of years. These 
symptoms often culminated in attacks of colic with diminished urination, 
vesical tenesmus and terminal hematuria. Clinical study may give 
negative results or disclose painful points corresponding to the sites 
of the kidne 3 's and ureters. Urologic examination often yields negative 
results. Since calculosis also occurs with congenital changes of the 
spinal column, it may be assumed that one of the pathogenic factors, 
namely, spasm, is common to both types of cases. In patients predis- 
posed to the formation and elimination of large quantities of salts 
in general, the stasis produced by spastic contraction in all the urinary 
passages or at any single point in the tract favors deposition of the 
salts themselves in the fonn of calculi. The spastic contractions may 
last a long time and constitute an almost permanent obstacle to 
urinaiy outflow. The malformation of the spinal column seems to be 
responsible for special nerve changes which create dyskinesia of the 
urinary passages, leading to chronic stasis and culminating in acute 
spastic attacks which j^roduce colic. 

Either of two hypotheses may be assumed to explain the hematuria 
often present in these cases of noncalculous colic; The spasm creates 
acute upward distention, causing rupture of some thin vessel, or spastic 
contraction at the level of the calices. pelvis or ureter may be sufficient 

9. Nuvoli, Umberto, and Impiombato, Gastonc: Sindromi di calcolosi urinaria 
c malformazioni della colonna vertcbralc. Arcb. ital. d. iirol. 7:SS9 fjuly) ]9.il. 
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to close the venous vessels and cause engorgement from stasis, with 
extravasation of blood corpuscles. 

Study of the development of the spinal nerves in relation to that 
of the vertebral column shows that the column evolves parallel to the 
nerves themselves at about the eighth week ; hence every disturbance 
of the former may reflect on the development of the nerves and their 
roots. INIorphologic changes of the spine at this period will be able to 
make themselves evident not only on the peripheral nervous system but 
on the sympathetic autonomic system and its innervations. 

f Compilers" Note. — It is important that urologists, orthopedic 
surgeons and g3mecologists cooperate to clarify the obscure syndromes 
of colic without calculi, backache, idiojiathic hematuria and other urinary 
s3unptoms or without definite lesions in the genito-urinary and g}'necologic 
tract. It is obvious that roentgenographic examination in many of these 
cases may be the means of diagnosis, but the fact must not be overlooked 
that the pelvis of the kidney is often misplaced and that sometimes the 
presence of C3'Stine and uric acid stones in the upper part of the urinary 
tract is not detected 113" roentgen ra3's. Man3’- cases have been reported 
in which the shadow of a stone in the renal pelvis is unusual and sit- 
uated so close to the spinal column that it is overlooked, and the patient 
is mistaken^ referred to the orthopedic surgeon or the neurosurgeon. 
A clear description has also been given in the literature, especiall3' by 
Bransford Lewis, of regurgitation renal colic or the so-called vesicorenal 
reflux, in which, for lack of a sphincter in the mouth of the ureteral 
orifice, the vesical contents regurgitate into the kidne3’’, causing sudden 
renal colic. These urologic problems are alwa3's of interest to the urolo- 
gist, and can be accuratel3’’ detected b3'^ urograph3L] 

Hydronephrosis . — Ceccarelli reported a series of experiments to 
determine changes that occur in a h3'dronephrotic lcidne3'^ after ligation 
of one or both renal vessels. In experimenting with dogs it was 
observed that renal function continued for some time after ligation, 
so that if the ureter were tied also, hydronephrosis could be produced. 
At the same time sclerosis slowty supervened, invading the entire organ 
and resulting in vast zones of calcareous infiltration. Adult rabbits 
were then used for experimentation. After lumbotom3", the ureter was 
tied about 2 cm. from the pelvis. After from twenty to fift3'’ days a 
second operation by the abdominal route was performed. It was proved 
that hydronephrosis had developed in almost every case; the vascular 
pedicle, or the artery alone in a few cases, was then tied. Laparotomy 
was chosen as the second type of operation because the right pedicle 
could be reached without destro3'ing the vascular adhesions established 

10. Ceccarelli, G. : Sulle modificazioni dellc sacche idronefrotiche dope Icgatura 
del pcduncolo vasale. .-Vrcli. ital. d. urol. 7:614 (July) 1931. 
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bctwfni llu’ KidiU’V ;iinl tlu- Mirroiindin^ lissiiu after IuiiiI)otoinv. 'J'iiesc 
were pariiciilarly iini'dilaiil in this raM’. ()\vinj,>^ to their relation to tlie 
trophiMii of llu‘ <ir!:tan. in view of the ahnndance of vessels whieli tiie 
capsule of the hydronephrolie sae ]>osses'es. 

Xeeropsy was pi'rfonned from thirty days to three months after 
the seoimd opei’ation. The results varied aeeordiujf to the length of 
time that tlie hydronephrotic state had existed. 'I'he rapid atrophy 
of till' orgaji was aceompanied hy sclerosis with calcareous infiltration 
and osseous new growth. The growth is of a certain biologic interest, 
^ince it may possibly he deduced from this that it is independent of 
the jneseiice of jireexistent medullarx germs in the kidney, as Saccr- 
dotti and J'rattini have conteiukak 

Ceccarelli expressed the opinion that the osseous new growth in his 
experiments occurred earher aiul more rapidly than in normal dogs in 
which the emulgents had been lied, and that this might hear some rela- 
tion to the presence of the liquid contained in the pelvis, which was rich 
in salts of calcium. It was concluded that the ligation of tlie vascular 
jicdicle of the kidney that had iieen rendered hydronephrotic caused 
rapid atrophy of the organ, which became transformed into a small 
nodule of connective ti.ssue. In the rabbit, in addition to the zones of 
calcareous infiltration, a typical osseous new growth u-as produced, 
whereas the liquid of the sac was totally absorbed. 

^loore “ slated that unilateral renal agenesia occurs infrequently, 
but the status of the opposite kidney must be determined as a routine 
measure in aip' case in which nephrectomy is contemplated. In the 
conservati\-e treatment of hydronephrosis the merits of the various 
methods for correcting obstructive conditions at the ureteropelvic 
juncture must be considered in their application to the individual case 
at the time of operation. The factor of renal counterbalance is important 
in unilateral hj'droncphrosis ; e.xperimcnts on animals have not revealed 
positive proof as to whether atroplp' from disuse of the diseased kidney 
occurs after the other organ has undergone compensator)'- hj’-pertrophy. 

A case is reported in which was present a large infected hjalro- 
nephrosis caused by a vah’ular type of obstruction, with congenital 
absence of the opposite kidney, the method of lelieving the obstruc- 
tion, together with the functional and uiogiaphic end-results, is 
presented. 

Johnson dissected and examined the renal tubules (after the 
method of Huber) in progressive hydronephrosis in order to determine 


11. Moore T. D.; Congciiit,-!! Solitary Hydronephrotic Infected Kidney: Pyelo- 

urcteroplastjx J. Urol. 27:581 (May) 193_. . 

12. Johnson, C. M.: Tlie P.-ithogcncsis of Hydroncphrosi.s, J. LtoI. 27:279 

(March) 1932.' 
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what changes occur. Dilatation begins at the glomerulus, and proceeds 
quickly and evenly to the papillar)' ducts by the end of two or three 
weeks. B}" the end of one month there is beginning atrophy in the 
glomerulus and proximal convoluted tubules, with some dilatation still 
present in the distal convoluted and collecting tubules. From this point 
there are progressive atrophy of the glomeruli and convoluted tubules 
and progressive dilatation of the collecting tubules in the medulla. By 
the end of three months some glomeruli may be directly in com- 
munication with collecting tubules, owing to the shortening, straighten- 
ing and disappearance of the convoluted tubules. Others never reach 
this stage, but undergo atroph}- and lose their communication with the 
collecting tubules after four or five months. A maximal degree of 
dilatation of the remaining collecting tubules in the medulla is reached 
at five months. Gradual atroph)- and shrinkage in all dimensions then 
take place. 

Cysts. — Jeanneney’^ reported a case in which echinococcus cyst of 
the kidney was successfully treated by nephrectomy. Hydatid cysts 
of the kidney are rare and sometimes difficult to diagnose. Of 446 
cases of echinococcus disease, Nicaise found that several cysts occurred 
in 1 kidney alone in 20 cases, that the cysts were bilateral in 12 cases 
and that the cysts in the kidney were associated with disease in organs 
such as the liver or the lungs in 58 cases. 

The cyst is usually at the level of the superior pole, and at times 
it may open into the pehds. It sometimes is well encapsulated and 
easy to remove. In other cases it is so adherent that part of the renal 
substance has to be removed with it. Various surgical procedures have 
been successfully performed, such as marsupialization (sewing of the 
edges of the cyst cavity to the margin of the incision), puncture of the 
cyst and drainage, total or partial enucleation and total or partial 
nephrectomy. 

Neff reported a case of massive hemorrhagic cyst in a Wilms 
tumor. The entire renal mass removed at operation weighed 11 pounds 
(5 Kg.) and measured 40 by 25 cm. Preliminary aspiration of the 
contained fluid was done before the removal of the mass. Five solitar}^ 
cysts larger than the cyst reported by Neft" were reviewed from the 
literature. Cassioli’s specimen contained 12 liters; Lockyer’s, 25 pints 
(12.5 liters); Lamson’s, 11 to 12 quarts (11 to 12 liters); Krogius’ 
10 liters, and Archer’s, 9 quarts (9 liters). Cassioli’s cyst was mar- 
supialized. Nephrectomy was done for the other 4 cysts. 

13. jeanneney, G. : L’echinococcose renale, Bordeaux chir. 3:36 (Jan.) 1932. 

14. Neft, J. H. : Massive Hemorrhagic Cvst in a Wilms Tumor of the Kidney 
in an .-Xdult. T. Urol. 28:65 (July) 1932. 
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.s|;i(c(l lli.'it c;irl)iinclc of ihc kidiicv 
ji! (il);il)ly ocnir.'- more coiniiionly {linn i.s inclicrUed by llie 50 cases 
ri'j'iirled in the lilcraliire. I'lic diaijiiosis of lliis lesion will niK(ncs- 
liiuinbly be made more often when sym|tt<ims are belter known. Renal 
earbnnele nsnally re.snlts from a break in (be fatty capsule with a peri- 
nepbritic ab.'-ce.‘'S. As a rule, there is a previous bistoiy of furuncle 
itr carbuncle. ’I'lu’ jialienl is peneralix' acutely ill with bii^li fever, which 
may be sustained or intermittent. I'rinary symptoms appear onh" when 
])yelitis occurs. 'I'here is usually pain <in the affected side, with tender- 
ness on ])ressure over tlie affected area, as well as some spasticit}' 
of muscles. Jvventnal swelliu;,^ in the flank does not exclude the pos- 
sibility of carbuncle of the kidney; it f,wnerally suggests as.sociated 
jiaraneiihrilic abscess, ( Iccasionally. tliere may be hematuria detectalile 
only microscopically, a few ])us cells, a trace of albumin and at times 
some s I a ] lb }■ 1 oc occ i . 

It is often diflicult to distinguish carbuncle of the kidney from 
abscess of the kidney, purulent pyelonephritis and formation of pus 
in the renal hilus. 'I'lie diagnosis often cannot be made until after an 
exploratory operation. -As a rule. j)vclogra]ihy docs not help in making 
a definite diagnosis, although a case was cited in which deformity 
caused by pressure of the lower calyx of the right kidney was noted. 
.\t nephrectomy the kidnc\- was seen to contain a carbuncle in the 
lower pole. Although it was known that there was a staphylococcus 
infection, the ])yelogram was the factor aiding in the determination of 
the differential diagnosis. 

Bonboff reported a case of extensive subcutaneous 
cross-tear of the kidney, which resulted from a relatively slight injury. 
The patient struck bis back on the edge of a stone wall. Bonhoff 
attributed the injury not so much to the actual trauma against the wall 
as to the secondary extensive contraction of the abdominal muscles, 
which caused a strong hydraulic pressure on the abdominal contents, 
yjig the kidney was not a definite teai but, as the aiithoi 

described it, a rupture of the entire renal mass. Early surgical inter- 
vention is indicated in these cases, not only to aid in making an accurate 
diagnosis but to institute treatment before extensive bleeding causes 
conVications. If the injury is extensive, Bonhoff’s belief coincides 
with that of Kiimmell, that nephrectomy is the quickest and safest 
method of treating the condition. 

IS. Ljunggren, Einar: Beitrag zur Rontgendfagnostik der Niercnkarbunkcl, 
Ztsclir. f. urol. Chir. 31:258, 1932. 

16 Bonhoff Friedrich: Schwere subkutaiic Nierenzerreibung durcli rclaliv 
Icichtes Trauma, mit Benierkungcn iiber den Vcrlefzungsmechani.smns, ZentralM. 
f. Chir. 59:1331 (Jtay 21) 1932. 
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Rupture of Renal rlrtery . — Edmunds ’’ reported a case of rupture 
of a left renal artery following trauma and without injury to the 
kidney. A man, aged 45, fell about 25 feet (7.6 meters). First 
aid was given ; two hours later the patient was in extreme shock. An 
exploratory operation hy means of a left rectus incision was performed. 
The spleen was found ruptured transversely. The uj)per pole lay free 
in the abdomen ; the lower pole was split into two segments, hut 
remained attached to the pedicle. There was a large amount of blood 
in the abdominal cavity ; there was also a suhserous hemorrhagic extrav- 
asation over almost the entire extent of the descending colon. This 
was believed to have had its origin from the splenic region and to have 
gravitated downward behind the peritoneal covering of the bowel. The 
patient died several days after operation. At necropsy the left renal 
artery was found to be partly torn across near the aorta, with the 
formation of a large retroperitoneal hematoma. The artery had become 
thrombosed, with consequent arrest of hemorrhage. 

Aneurysm . — Mathe reported a case of true aneur 3 ’sm of the renal 
artei’ 3 ' associated with nephrolithiasis, which was secondaiy to trauma; 
the condition was success full 3 ' relieved b 3 '- nephrectomy. 

Aneurysm of the renal arteiy is rare, only 56 cases having been 
reported in the literature. In 40 per cent of 55 cases reviewed there 
was a histor 3 ’’ of weakening and injiuy of the wall of the arter 3 ' by 
trauma, and in the remainder a histoiy of severe infections, producing 
lowered resistance due to sclerosis, fatt 3 '' degeneration or inflammatorv 
changes of the renal arteiy. This lesion is difficult to diagnose; only 
7 of the reported cases were detected before operation or death. The 
chief S 3 miptoms are hematuria, pain and tumefaction. The hematuria 
is usuall 3 '^ more sudden and more extensive than that caused b 3 ’ other 
renal lesions. Pulsation and S 3 '^stolic biaiit, although rare, are pathog- 
nomonic signs. Renal aneuiysm should be suspected if there is a ring- 
shaped, opaque area in the kidne 3 ^ 

The treatment of renal aneuiysm is surgical, and operation should 
be performed as soon as this condition is suspected- Thirt 3 ’-six 
untreated patients, whose cases have been reported, died; 16 of the 
1/ patients on whom nephrectom 3 ' had been performed survived. 
Resection of the aneuiysm occasionall 3 '' is possible. Plastic repair of 
the aneuiysmal sac, drainage of the accompaiying hematoma and 
other surgical procedures less radical than nephrectomy or excision 
give little, if an 3 -, relief. 

17. Edmunds. P. K. : Traumatic Rupture of Left Renal Artery Without Injury 
to Kidney, J. A. M. A. 99:467 (Aug. 6) 1932. 

IS. ^r.athc. C. P.: Aneurism of the Renal Artery, J. Urol. 27:607 (June) 1932. 
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J'Iom's. llint rc‘n;il plo.si.s witiioiit tiriiiarv olistnic- 

linn l)n>> IK) cliiiii'a] .sif.-iiiriraiu'c and .sclilum, if over, (lie cause of 
symiiioms. It (il)sirucli()ii exists as tlic result of ])tosis, it can alwa3^s 
I'c fleiuoiistratefl 1 )\- umurapliie or ur<iM-o])ie exauiination, and opera- 
tion is warranteil i>nl\- in llie iiresence of such evidence. In the majoritv 
oi c.ises in which nephropexv lias heeii performed without dclniitc 
evidence of nrinarv stasis, the svniptonis will return within one or two 
vears foliowinp operation. L'ro^raphic examination after operation i.s 
necessarv to determine the permanence of .a normal renal jio.silion a.s 
well as improvement in drainai^e. 'i'lie percentaitc of patients having 
nephrojitosis who can he relie\'ed of their sxini'toms by renal fixation 
is comparative!}- small. 


jCo.Mrii.iais’ Xim:. — The recent tendency of American and 
luiropean urologists again to perform renal suspension or fi.xation for 
movahic or floating kidney has aroused much controversy. Aside 
from disputes over difi'erences in various technics for the operation, 
of which there are many, there has been <lisagrccment as to the indi- 
cations for the operation. Most authorities believe that nephroptosis 
is a part of general visceroptosis. Kidd’s bizarre concept of an Egyp- 
tian type of habitus associated with (he condition is in line with tin’s 
point of view. 

IBraasch has expressed (he opinion of the conservative urologic ele- 
ment with regard to surgical indications in nejihrojitosis. Doubtless 
(here arc cases of floating kidney in which a spastic pelvis or ureter 
may give jiain and in which fixation may bring relief. These, however, 
must be e.xceptional. It is well, in general, to take definite evidence 
of urinary stasis as the criterion for fixation of movable kidne}'.] 

Prcffiiaiicv. — barman and 011111111055=" stated that renal surgery 
during prcgnanci' entails a possibility of miscauiage of about 15 jier 
cent, either immediately or before reaching full tcini. Ihe mortality 
rate for all types of surgery, including operations on the kidney, during 
]iregnancy is no greater than that for similai pioccduies in the non- 
graw’d state. Surgical intervention for renal lesions during pregnancy 
should be limited to cases in which it is necessary for the life or future 
health of the mother. The most common renal complications of preg- 
nancy requiring operation are renal tuberculosis, calculous pyonephrosis, 
fulminating pyelonephritis and cortical abscess of the kidney. 


19. Braasch, W. F. : Conservation in the Treatment of Moval>!c Kidney. J. .A. 
M. A. 98:613 (Feb. 20) 1932. 

20. Farman, Franklin, and Gnnnness K. 

Pregnancy: Report of Ca.se, California & Mest. Afed. 37.94 (An».) 19.i_. 
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Foreign Body . — ^^'aring and Dranc"^ reported a case of an ascend- 
ing foreign body in tlie pelvis of the kidney. The patient, a man, had 
pain in the right upper quadrant of the alxlomen, fever, nausea and 
vomiting. Examination showed a shadow in the region of the right 
kidney and pyelonepliritis. At operation a foreign Ijody was removed 
from the right renal pelvis. The calculus was broken while being 
removed; it was found to be an encrustation of calcium and phosphate 
on a portion of seed-bearing grass. Several da 3 'S later another portion of 
grass and stem was discharged from the wound. Recovery was 
uneventful. The patient had inti'oduced the grass through the urethra, 
and a portion had slipped into the bladder. The authors are of the 
belief that during urination and contraction of the bladder the end 
of the foreign body was introduced into the ureter and that the sagittate 
arrangement of the seed on the stem caused it to work its way into 
the ureter. 

Onl}' 2 similar cases have been noted after questioning a group 
of urologists regarding this condition. Barney reported a case in which 
a calculus partial!}" surrounding a toothpick was removed fi'om the 
pelvis of the kidney. Braasch reported a case in which a stone on a 
hairpin was removed from the ureter; the hairpin had been introduced 
into the bladder. 

Tumors . — Hand and Broders -- reported an analysis of 193 cases of 
carcinoma of the kidney. There were 4 grades of malignancy, the basis 
of which depended on the degree of cellular differentiation in the car- 
cinoma. The grade of malignancy was higher in patients less than 
40 years of age. As the degree of malignancy increased, the duration of 
symptoms decreased; also, as the grade of malignancy increased, the 
length of postoperative life decreased. In cases in which malignancy 
was graded 2, 3 and 4, the average duration of life following operation 
was twice as long as the period over which symptoms existed; in 
cases in which the malignancy was graded 1, the average duration of life 
following operation was 3 times as long as the period over which the 
symptoms existed. 

The technical difficulties in removing large carcinomas are important 
factors in determining immediate mortality. Infection and degeneration 
are common in large carcinomas. The fact that almost half of the 
patients operated on died before tAvo years had elapsed makes question- 
able the advisability of surgical interA^ention in many cases in AA'hich the 

_ ^Varing, T. P., and Drane, Robert: An Ascending Foreign BodA' in the 
Kidney Pelvis, .A.m. J. Roentgenol. 28:34 (July) 1932. 

22. Hand, J. R., and Broders, A. C. : Carcinoma of the Kidney : The .Degree 
of ^falignancA- in Relation to Factors Bearing on Prognosis, J. Urol. 28:199 
(Aug.) 1932. 
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caiviiiiini.'i is Iai;i;o or lixcd. or in wliicli tlic f^cnci'al condilion of the 
liaticnl at llic time of oju'ration seems to he below ])ar. Involvement 
of the renal veins by the carcinoma is a serious complication and 
increases the technical difiiculties of the operation. 

(,)ne hundred and forty-nine (77 per cent) of the 193 patients who 
underwent nephrect(any are dead; 44 (23 per cent) are living. Twenty- 
three <11.9 per cent) of the patients died in the hospital. Of the 126 
patients who have died after leaving the hospital, 50 lived less than a 
year and 66 lived uj) to twenty-four months. Of the 149 patients who 
arc dead, 97 died in the first live years and 16 died between the fifth and 
seventeenth years. 

Hand and Broders concluded that study of the postoperative results 
in cases of carcinoma of the kidney, based on the degree of cellular 
difi'erentiation in the tumor, repre-sents a distinct advance in the knowl- 
edge of this disease. 

[Co.w in licks’ Xotic. — Broders’ principles of grading the index of 
malignancy in epithelial neopla.sms. based chiefly on cellular differentia- 
tion, rejircscnt one of the outstanding contributions to patholog}’’ of 
the present day. It is <]uite natural that this prognostic criterion should 
be extended to epithelial neoplasms of the kidney, if the principle that 
lack of cellular differentiation or a preponderance of anaplastic cells 
in a growth iircdisposcs to a more virulent and more rapid clinical 
course is sound. Hand and Broders found that there is a distinct 
clinicopathologic correlation between the grade of malignancy, opera- 
bility and e.xpectanc)' of life after operation. This conclusion is con- 
sistent with the facts recorded with regard to carcinoma of the skin, the 
rectum, the bladder and other sites which have been studied thus far.] 

Ljiinggren stated that there has been considerable literature con- 
cerning the relation of tuberculosis to tumors, particular!}' to carcinoma. 
The majority of observers maintain that the coexistence of these 
conditions is only a coincidence. Others are of the opinion that some 
interrelationship exists between the two lesions : Either the tuberculosis 
is the primai'y condition, subsequent to which precarcinomatous changes 
and a malignant growth develop, or the tumor is the primary factor in 
the development of tuberculosis, through a lowered general resistance 
of the body to a tuberculous infection or through the tumor creating a 
point of lowered resistance in the affected organ. 

Ljunggren described a case of tuberculosis and Grawitz’ tumor 
in the same kidney. Seven similar cases har’C been reported in the 
literature. According to Ljunggren’s point of view, the natural assump- 
tion is that it is a coincidence that the two conditions occurred simulta- 

23. Ljunggren, Einar: Tuberculosis and Grawitz’s Tumour of the Same Kid- 
ney, Acta chir. Scandinav. 69:383 (March 3) 1932. 
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neously, but the possibility of a renal tumor predisposing to the 
development of the tuberculous process in the kidney should he taken 
into consideration. 

Evans ■* reported the case of a woman, aged 36, with fihroinyoma 
of the kidne}'. Symptoms had been present for four years. At opera- 
tion the tumor was found to have no connection with the pelvic 
r'iscera ; it was retroperitoneal, and its i)edicle was attached to the 
capsule of the left kidney. 

The growth was large and oval, measuring appro.ximately 33 by 23 
cm. The surface was roughened hut not lohulated. There was a depres- 
sion at one side, from the center of which radiating lines, resembling 
bundles of muscular fibers, extended over the surrounding surface. On 
section the tumor showed an external layer of solid tissue, about O.a 
cm. thick on one side and much thinner on the opposite side : it was 
pinkish gray and contained a definite nodule, about 1 cm. in length. 
The central part of the section consisted of a coarse honevcomb 
structure, the spaces of which Avere filled partly with mucus and clear 
fluid. Microscopic e.xamination showed the growth to he a fibromyoina 
which had undergone e.xtensive liquefactive degeneration. 

Barney, Hunter and Mintz stated that radiosensitive tumors 
described as lymphoblastoma and myeloblastoma are derived from the 
primitive cells of the l\’mph nodes, bone marrow and spleen. They are 
designated radiosensitive because of their response to roentgen rays 
or radium ; for this reason surger}’^ is generally not only contraindicated 
but futile. 

Of 51 cases in which postmortem findings were studied in con- 
junction with clinical records, there were 39 cases of lymphoblastoma 
and 12 of myeloblastoma; in 83.3 per cent there Avere eAudences of the 
disease in the genito-urinary tract. 

In any case in AA'hich one or anotlier of tire tumors is suspected, 
careful, and repeated studies of the blood smears should be made, as 
AA'ell as a careful examination for enlarged nodes, AAOth a biops)' if 
necessary, and a roentgenologic examination of the chest and spine. 
The only rational treatment of these tumors is high-A-oItage roentgen 
therapy and, in some cases, external applications of radium. This 
treatment should be instituted as soon as possible after the diagnosis 
is made. Tumors of this type alAA’ays cause fatal results. The length of 
life depends on tlie type of tumor, on tire reaction of the patieirt to the 
tunror and on the inA’oh'ement of A’ital organs such as the kidneys. 

24. Evans. .Arthur: Fibromyoina of the Kichiev, Proc. Roy Soc. Afed. (Sect. 
Sur".) 25:333 (Jan.) 1932. 

25. Barney. J. D. ; Hunter, F. T., and Afintz, E. R. : The Urologic Aspects of 

Radiosensitive Tumors of the Blood-Formiiiff Organs, T. A. M. A. 98:124c 
(April 9) 1932. - - 
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il'd.MiMi.i-us’ Xori:.- — Urolof^i.sls may oljscrvc cases of tumors of 
tiu' liIoiMl-formiiii; origans Iiccatise of a mass in tlie loin, j^ain in tlic 
I)acl<. rctcnlion of urine., pyuria, licmadiria or priapism, JBarncy and 
liis associates were anionj; llic first to empliasize how important it is 
for nroI(\”ists to he ever watchful for tumors of tlic blood-forming 
• trgans witen the fore.going si.gns are noted. 'I'he fact that some major 
involvement of the urinary tract was present in cS.3..3 per cent of the 
cases is significant. | 

W aterworth ■" stated that giant unilateral renal calculi are rarely 
observed. Kreutzmann reporleil removal of a stone weighing 650 Gm., 
and found in the literature the report of a ca.se cited b}' i\Iylvag-anan in 
which a stone weighing I, -MO (im. was remo\’cd at operation; the 
jiatient did not survive, 'fhe large.sl stone, weighing 1.130 Gm., was 
successfully reinoxcd by .Morrison. Of the (S cases in which there 
were unusually large renal calculi, cited by Kreutzmann, the smallest 
stone, weighing .3.39 (/in., occurred in the on)}' female in the series. 

Waterworth reported the case of a man, aged 64, .who had renal 
])ain of many years’ duration. He bad recently lost 20 ])ounds (9 Kg.), 
and a roentgenogram revealed a large, rounded shadow in the region 
of the right kidney. Nephrectomy was done; the kidney contained a 
.s(|uamous cell carcinoma and a .stone 14.5 cm. in diameter and weighing 

I. 100 Gm. The calculus produced little if any disability in spite of a 
probable duration of twenty-eight years. 'J'hc irritation caused by 
the presence of the atone for such a long time liad resulted in the 
development of an epithelioma of the pelvis of the kidney which 
recurred following operation and ultimately resulted fatally. 

[Co.MPiLKRs’ Non;. — .A comparatively large number of cases of 
squamous cell tumors of the kidney, apparently develojnng secondarily 
to stones in the kidne)-, has recently been reported. In most of the 
cases, as in the one cited by \Matcnvorth, the history suggests that 
the stones were present for a long time; the majority of the calculi 
were large and of the staghorn type. Oraison reported the case of a 
woman, aged 50, whose urinary trouble started with trauma when she 
was 24 years of age; for ten years ijreceding operation she had almost 
constant pain of a type suggesting stones in the kidney. J homson- 
Walker cited the case of a man, aged 63. who had passed calculi at 
inteiu'als for twenty-se\^en years. Darmady recently reported a case 
of squamous cell carcinoma in which hydronephrosis was present 
twenty-eight years before. The size, weight and striking lamellation of 
the calculus found at operation indicated that the latter had been present 
man}' years. 

26. Watervvortli, S. J. : Giant Renal Calctihis : Carcinoma of the Kidney Pelvis. 

J. Urol. 28:77 (July) 1932. 
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lepoilecl cases apparently gives justification for 
gges mg that the majority of stones in the kidney should be removed 
as eaity as possible. Tins should be done not only to relieve pain and to 
1 CAen cestiuction of tissue of tlie kidnc}’’ but, as described in the 
cases licretofore mentioned, to prevent formation of a malignant tumor.] 


SUPRARENAL GLAND 


7 umors Uzarus and Eisenberg -• stated that tumors of the supra- 
g an aie lare. From a clinical and pathologic point of A'iew 

rvf ti g^O'vths are those arising from the epithelial part 

ot tlie gland. The outstanding features of tumors involving the cortex 
associated changes in sexual characteristics, most frequently 
seen among girls. Because the suprarenal medulla is an offshoot of the 
3 pa letic nenous system, tumors arising from this part of the gland 
bear a close resemblance to tumors of the sympathetic system. 

agang loma is composed entirelj' of mature chromaffin cells of 
e suprarenal medulla, is usually benign and, unlike other tumors of the 
prarena g and, occurs onl}^ in adults. Growths of the suprarenal 
irreducible renal ptosis. Fever and cutaneous 
j ^ a ion aie suggestive s}'niptoms. The presence* of a large, oA^oid 
s ladow m the roentgenogram, situated oA'er a ptosed and rotated 
ey, suggests a tumor of the suprarenal gland. 


ompilers Note. Paragangliomas are small tumors consisting 
la me cnomaffin cells. They are benign and are usually found at 
ciops}. sua ly they are syinptomle^s, the adrenogenital syndrome 
(I ^ sent, as in most suprarenal tumors originating in the sympa- 
rnn/^ system. Their occurrence only in adults is a striking 

TMrl ° tumors. Fever, cutaneous pigmentation, 

and nf finding of an ovoid tumor situated over a rotated 

g- 1] , ^ suggestive symptoms. The authors giVe an 

renrp ° tumors in general, their relative frequency of occur- 

rcice. the,.- histogenesis and their relative malignancy.] 


(To be concluded) 


27. Lazarus, J. A., and Eisenbe, 
Report of Two Cases of Paragangliot 


A. A.; Tumors of the Adrenal Gland: 
of the Adrenal Gland, J. Urol. 27: 1 (Jan.) 
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TRAUiMATIC OSTEOMYELITIS OF THE 
CRANIAL VAULT 

WITH I’AKTICUEAR KEI'ICRKNCE TO I’ATIIOGENESIS AND TREATMENT 
LEO J. ADELSTEIN, V.D. 

Junior Attending Neurosurgeon, Los Angeles County General Hospital 

AND 

CYRIL B. COURVILLE, M.D. 

Resident Neurosurgeon and Neuropathologist, Los Angeles County 
General Hospital 

LOS ANGELES 

Osteomyelitis of the bones of the shiill occurs most commonly as a 
result of inflammatory conditions in the accessoiy nasal sinuses. Infec- 
tion of the frontal hone following operative procedures on the frontal 
sinus has been made the subject of numerous case reports and of several 
extensive treatises on its etiology, pathology and treatment. Osteo- 
myelitis of the maxilla following antral infections is more rare. True 
osteomyelitis of the petrous bone and the adjacent occipital hone follow- 
ing disease of the middle ear is probabl}' still more rare, because of the 
anatomic characteristics of the bone itself. 

Traumatic osteomyelitis of the cranial vault has been given but little 
attention in the now extensive literature dealing with craniocerebral 
injuries. Could a complete list of such cases be compiled from all 
sources, it would be considerably more impressive, for individual cases 
must be more common than might be supposed from a review of the 
literature. As we have had six cases come to our attention in a series 
of more than five thousand cases of injur}' to the head on the neuro- 
surgical service of this hospital, it is our purpose to consider its etiology, 
pathogenesis and clinical course, and to attempt to deduce therefrom a 
rational method of treatment. While in some of the cases reported the 
occurrence of infection is somewhat in the nature of a confession, it 
has seemed worthwhile, nevertheless, to record our observations. 

Read before tlie Section on General Surgery at the Si.xty-First Annual Session 
of the California Medical Association, May 4, 1932. 

From the Neurosurgical Service of Dr. Carl W. Rand, and the Neuropatholog- 
ical Laboratory, Los Angeles Count 3 ' General Hospital. 

Dr. Adelstein has followed most of the cases presented herewith through their 
long clinical course, and has elaborated tlie plan of treatment. Dr. CourvilJe is 
responsible for the proposed classification of the condition, based on roentgenologic 
studies, and the discussion of its pathogenesis and pathologj-. Dr. Ray A. Carter, 
of the Department of Roentgenologj’ of the hospital, supplied the roentgenograms 
illustrating the article. 
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HISTORICAL NOTi: 

It is probalile that secondary infections of the hones of the skull 
following injury to the scalp and skull have heen observed from earliest 
times. In spite of the great increase in the number of cases of injuries 
to the head, the present relative rarity of infections of the hones is to 
he attributed to the modern prompt and careful treatment of superficial 
wounds which tend to heal if given an opiiortunity. A study of the 
historical references to this condition gives one some insight as to the 
progress of our knowledge of it. Hippocrates.' in his essay “On 
Injuries of the Head,” referred to the e.Ktension of the infectious 
process to the hone from the infected scalp. The principles of treatment 
of wounds of the head underwent little change through the following 
centuries as far as the prevention and cure of the infections themselves 
were concerned. Little is recorded except case reports from the 
fifteenth to the eighteenth centuries. Percival Pott “ drew attention 
to the fact that necrosis and infection of the skull followed local 
traumatisms. He described two forms of the condition: (1) a local- 
ized bony necrosis on which inflammation was engrafted, and prob- 
ably due to the actual implantation of infectious material in the outer 
table of the skull through an open wound, and (2) a local necrosis 
and suppuration with the overlying scalp intact. The latter condition 
has become known in the surgical literature as “Pott’s puffy tumor. 
His treatment of the inflammatory lesion of the bone was a free removal 
of bone, especiall}" when pus was present over the dura. Bell," like 
Pott, was of the opinion that the source of the trouble lay in the sepa- 
ration of the periosteum from the bone, depriving the latter of its blood 
supply. He also described local suppuration of bone without superficial 
wounds, and recommended extensive removal of the diseased bone. 

Abercrombie ■* described the findings in cases of inflammation of the 
cranial bones collected from the literature up to his time. In some cases 
the lesion followed injury, but in none of these was the typical sequence 
described in which the infection followed open wounds. 

With the improvement in the treatment of contaminated scalp 
wounds with antiseptics and removal of foreign material, secondaiy 
osteomyelitis of the skull has become a rarity. In an extensive treatise 
on injuries of the head, Rawling ® made no mention of secondary 

1. Hippocrates: The Genuine Works of Hippocrates, translated by Francis 
Adams, London, Sydenham Society, 1849, vol. 1, pp. 454, 460, 461 and 463. 

2. Pott, Percival : Chirurgical Works, London, T. Lowndes. 1783, vol. 1, P- 

3. Bell, Charles; A System of Operative Surger 3 ’ Founded on the Basis of 
.Anatomy, London, Longman, Hurst, Rees & Ornie, 1807, vol. 1, p. 416. 

4. Abercrombie, John: Pathological and Practical Researches on Diseases of 
the Brain and Spinal Cord, ed. 3, London, Waugh & limes, 1834, p. 179. 

5. Rawling, L. B. : The Surgerj' of the Skull and Brain, London, O-'^ford 
L'niversity Press, 1912. 
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osteomyelitis of the skull. Most modern treati.ses on surgery arc content 
to advise the removal of gross contaminating material and the use of 
antisej)ties in the ])revention of infection, and do not give any descrip- 
tion of the condition itself. 

A XATOM I C FACTOKS 

In order to ap]iroach the problem of ostcoin 3 'elitis of the cranial 
vault pro]ierly. it is necessarv.to review briefly the essential anatomic 
factors that favor the admission and spread of infection. The rarity 
of the condition with adequate treatment of open wounds, even in 
the presence of conqiound comminuted fractures, speaks well for the 
natural local defense against such infections. The anatomic factors 
that need to be elaborated on may he summarized as (1) the character 
of the bone. (2) its arterial sitpplv and (3) its venous drainage. 

Character of Bone . — The cranial vault is formed by the frontal, two 
parietal, the occipital and the squamous portions of the temporal bones. 
These bones or portions of bones are com])osed of two compact layers, 
a thick and somewhat elastic outer table and a tbinner and more brittle 
inner table, between which a thin layer of cancellous bone, or diploe, is 
interposed. The internal and external surfaces have a punctate appear- 
ance, owing to the points of entrance of fine blood vessels. This 
is particularly true of the inner table, for the main source of the blood 
supply of the vault is from the meningeal arteries. This surface is also 
more irregular, owing to the convolutional markings, the points of 
special dural attachment and the openings of the emissary veins. 

The firmness and thickness of the outer table prevent the ingress of 
infection when the bone has been exposed by injury even after the 
periosteum has been scraped oif. Were it not for this, osteomyelitis of 
the skull would undoubtedly be of common occurrence in injuries in 
which the subaponeurotic space has been opened and infected. 

Arterial Supply . — The cranial vault has a double blood supply; a 
minor external one derived from the small arterioles of the pericranium, 
especially in the regions of muscle attachments, and a major internal 
one derived from the meningeal arteries in the dura. The latter con- 
sists essentially of the terminal distribution of the middle meningeal 
arteries, the large size of which indicates that the}'^ have a more 
important function than that of supplying the fibrous dura alone, as 
Jefiferson and Stewart® have emphasized. The points of entrance of the 
terminal arterioles into the inner surface of the bone give it a finely 
punctate appearance. 

It has been a tradition handed down from the time of Percival Pott, 
that a factor in the production of necrosis is the separation of the over- 

6. Jefferson, G., and Stewart, D. : On the Veins of the Diploe, Brit. J. Surg. 
16 : 70 , 1928 . 
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lying pericranium and underlying dura from a given portion of bone, 
therefore depriving it of its blood supph'. That this is not necessarily 
the case is the experience of surgeons who have dealt with cranial 
injuries. In an originally clean, or even in potentially infected, wounds 
that have been carefully antisepticized. loosened fragments of bone will 
usually grow and aid in the filling of a defect. Such fragments, of 
course, are more susceptible to infection, should it develop in a wound, 
and usually sequestrate, as we shall subsequently show. 



Fig. 1. — Arrangement of tlie diploic veins in the cranial vault. (After Breschet: 
Recherches anatomiques, physiologiques et pathologiques sur les canaux veineux 
des os, 1830.) 


h r)ioi(.y Drainage . — The bones forming the cranial vault are drained 
b}' an internal system of comparativeh' large, thin-walled channels in 
the diploe. In infancy and childhood, these veins form a separate 
system within the individual bones, but as age advances and ossification 
of the suture lines takes place, the various systems join to become more 
or less continuous. In later adult life, these channels are often found 
to be enlarged atul are commonly visible in roentgenograms. There are 
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tlirce sets of veins on eitlier Interal half of tlio skull, the frontal, the 
])ariclal (consistins^ of the anterior aiul posterior teni])oral veins) and 
the occipital, drainini^ the hone thus designated (fig. 1). Each group 
forms a V, with its apex downward. The frontal system drains into 
the supra-orI)ital vein, usually in the su]M‘a-orhital notch. The antero- 
temi)oral vein drains into the sphenoparietal sinus, and the postero- 
temporal vein into the lateral sinus. The occi]fital system drains either 
internally into the lateral sinus or externally into the occipital vein of 
the scalp. The venous drainage is therefore in a direction opposite to 
its arterial supply, which comes hy way of the anterior and middle 
meningeal arteries. 

In roentgenograms of the skulls of adults, there is frequentl}' seen 
a network of large diploic veins in the postero])arietal region, which 
forms the typical “spider” arrangement. This is due to the larger size 
of the posteroparietal channels, and to their abundant connections with 
the occipital group. In addition to the progressive enlargement of these 
channels with advancing age, there are also formed direct communica- 
tions between the diploic veins and the terminations of the meningeal 
vessels, probably due to a gradual erosion of the floor of the arterial 
grooves. These communications may serve as points of entrance of 
infections into the diploic spaces. 

PATHOGENESIS 

It was an object of this investigation to study the patholog)-^ of 
osteomyelitis in order to determine the rationality of a plan of treat- 
ment that had been elaborated and used with reasonable success. 
We were denied the privilege of studying either the surgical or the 
postmortem pathologic changes, because the plan of treatment was 
essentially nonoperative, and none of the patients died. Therefore, in 
an investigation of pathogenesis, it was necessar}- to rely on the clinical 
course of the disease, information gained from repeated roentgeno- 
logic examinations and a study of an occasional sequestrum recovered 
from the draining wound. From these sources of information an 
attempt has been made to portra}’ the sequence of events that lead to 
healing of the infection. 

Mode of Entrance of Infecting Organism . — There are a variety of 
’ ways in which the offending organism gains entrance to the bone, and 
one may more or less accurately foretell from its mode of invasion the 
course of the condition, should osteomyelitis develop. In local bruises 
with or without open wounds, infection is presumably introduced by the 
traumatic agent, or comes from infected hair follicles. In closed 
wounds, it may at times be blood borne. Infection may be introduced 
into the bone when the outer layer has been ground oft by scraping or 
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glancing wounds, often willi irregular tearing or avulsion of tlic over- 
lying seal]). This was the source of the infection in case 3 of our serie.s. 
In one case (case 4) an o])erative decompression site for the removal of 
a subdural clot became secondarily infected from the original adjacent 
wound in the scalp, with consequent extensive osteomyelitis of the skull. 
Another common mode of invasion is the develo])ment of frank infec- 
tion in a compound comminuted fracture of the skull, either immedi- 
ately, or after a latent interval. In another case (case 5) the infection 
developed after an interval of several weeks, the organism evidently 
being of a low degree of virulence. As a final j)ossiblc method of 
invasion, we find a rather unusual sequence of events in case 6, in which 
a comminuted depressed fracture of the ])arietal region was sustained 
by a fall from a moving automobile. y\n o])eration was performed and 
the depressed fragments elevated. The wound healed by first intention. 
The child was prone to develop staphylococcus infections of the skin, 
and some days after the operation numerous small ])ustulcs developed 
over the scalp. Two of these, which were deeper than the rest, resulted 
in abscesses of the scalp which extended through into the subaponeurotic 
space, possibl}' at the site of former bruises. The underlt'ing frag- 
ments became secondarily infected and finally sequestrated. 

Course of Infcctiou . — The mode of entry of the infecting organism 
is largely responsible for the lesion produced. Because of the charac- 
teristic ap])earancc in the roentgenogram, traumatic osteomyelitis of the 
skull may be classified as follows: : 

1. Localized osteomyelitis; 

(fl) Sclerosing osteitis : ' 

(1) Following an open wound of tlie scalp (Pott’s first type of infection 

of tlie skull) 

(2) Following local injiiry but with the scalp intact (“Pott’s puffy 

tumor’’) 

(h) Circumscribed osteomyelitis; 

Following direct implantation of infection into tlic cliploe by abrasion 
of the outer table. 

2. Spreading osteomyelitis: 

Following invasion of the diploic venous channels from a fracture line or 
operative defect 

.3. Infections necrosis of fragments in comminuted skull fracture: 

Direct or indirect infection of the fragments from a contaminated overlying 
)\ound or a secondarily infected operative wound. 


^ 7. It was decided to indicate the two local variations as osteitis and osteomye- 
litis. In local osteitis, the sclerosing reaction is essentially one of the bony tables, 
'? f diploe are incidently involved. In circumscribed osteomyelitis the 

infection is primarily in the diploic .spaces rather than in the bone. 
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Classifications are apt to lie incomplete and often imperfect, but the 
foregoiii},^ one seems to answer the jiiirpose so far as our own experience 
goes. The developmental stages of each type will be considered in turn. 

Localized Ostcoinyclitis . — Under this heading have been included all 
types of traumatic osteomyelitis which remain as a jnirely local lesion. 
They are a response to an ingress of infectious material, which results 
in a local inflammatory reaction that heals by a sclerotic process, the 
degree of which depends on the extent of the original invasion. 

In sclerosing osteitis of the skull, so well described by Pott, there is 
an original focus in the hone which is, or becomes, infected, from which 
the s]5rcad is limited. The essential difference in the two varieties is 
that of the exact means of infection. In the first, the instrument of 
trauma which cuts the scalp injures the surface of the bone and infects 
it. The infectious material in this case is therefore inoculated directly 
into the bone itself. No such case occurs in our series, unless, per- 
chance, in case 2 a superficial wound was present following the blow 
on the head. In the second t^'pe, known as “Pott’s puiTy tumor,” the 
injury, again caused b}' a localized application of force, creates an area of 
lowered resistance but does not of itself cany in the infectious material. 
This is often the result of a comparative!}' minor injury, and the patient 
may give little or no attention to it at the time. After a variable 
interval, about a week each in our two cases (cases 1 and 2), a tender, 
fluctuant swelling develops, which may be incised surgically, or may 
ruptur'e spontaneously with the discharge of pus. The infecting 
organism is likely derived from the hair follicles in the overlying scalp, 
released b}' the injur\-, but ma_v be brought to the focus b}' the blood 
stream. 

In either case, a usually avirulent infection is engrafted on a more 
or less extensive necrotizing focus at the point of injury. There is an 
almost coincident development of the protective reaction and the infec- 
tion, so that the process soon reaches an equilibrium, and there is no 
further spread of the infection. As a result of a recent surgical expe- 
rience.® it has been learned that there is an active vascular reaction in a 

8. Since this paper was read, we have had the opportunity to study the case 
of an addtiional patient recentlj’ admitted to tliis hospital. A 59 year old 
Caucasian man had been injured in an automobile accident on Jan. 1, 1932, 
sustaining a laceration of the scalp in the left parietal region, a basal fracture of 
the skull and multiple fractured ribs, with contusion of the lungs. Three and 
a half months after the injury, a fluctuant and tender swelling of the scalp 
appeared in the left parietal region at the site of the former laceration. This was 
incised by an attending physician, with profuse drainage of pus. The wound 
continued to drain in quantities, and as osteomyelitis was suspected, the patient 
was sent to the hospital on ^fay 9, 1932, for care. Roentgenograms of the skull 
revealed an area of mottling about the size of a quarter in the left posterior parietal 
region. 
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fairly wide zone about the infected area, though in most cases the infec- 
tious process becomes limited in extent. The factors that determine the 
limits of the spread of the infection are the virulence of the infecting 
organism, the resistance of the local tissues, as well as the immunologic 
reaction of the body, and the nature of the minute anatomy of the region 
thus involved. For instance, if the focus were immediately over a diploic 
vessel, the lesion might be somewhat elongated, as was apparently the 
situation in both of the cases of the t3q)e in this series (cases 1 and 2 ). 
It is not usually a question of a pureh’ peripheral expansion from a 
central focus, but rather the isolation of a central mass of bone by an 
encircling process with the ultimate formation of a sequestrum. Healing 
occurs with the formation of sclerosed bone at tbe margin of the defect 
with some variable degree of proliferation of new bone. It is this for- 
mation of bone which gives rise to the tx'pical roentgen picture of an 
increased densit}"^ of the bone about the defect. The healing process is 
slow, often a matter of months, with continuous drainage from the 
overl3dng sinus in the scalp. 

As has been stated, the lesion is likel3' to remain a local one through- 
out its course. In case 2 , in the adjacent right parietal region, there 
were found two adjacent areas of rarefaction which were suspected of 
being extensions (metastases) from the original focus. However, these 
areas remained more or less unchanged, and at least did not break down, 
and ma3^ have been unrelated lesions. There was no histor3’' or evidence 
of S3'philis in the patient. It is theoreticall3’’ possible for such secondar3’' 
foci to occur, although we have not had occasion to recognize them with 
certaint3^ 

The term circumscribed osteomyelitis has been retained for another 
localized type of inflammation. In such cases the infectious material 
is ground into the diploe with abrasion of the outer table as the result 
of glancing blows or of scraping the head along the roadwa3^ About 
each of the infected particles a local infection arises, so that numerous 

While the patient was under treatment right hemiparesis developed rather sud- 
denlj’, and a few hours later, right-sided jacksonian convulsions made their appear- 
ance. As an intracranial extension of the infection was suspected, the area was 
explored, and a localized extradural abscess was found beneath the area of bone 
necrosis. Another exploration was carried out two days later because the jack- 
sonian convulsions persisted. A localized, encapsulated, subdural abscess was 
e.xposed and drained. The patient died in a few da 3 ’s of a septic meningitis. 

Of special interest to us was the condition of the diseased bone. Entirel}" sepa- 
rated from the adjacent outer table and the underlying diploe was an elongated 
sequestrum. The surrounding bone and underljdng inner table were soft and 
friable, and when dr 3 ', the outer surface of the adjacent skull had a 3 'ellowish 
appearance as though the bone were dead. For a fairl 3 ' wide zone (about 5 cm.) 
about the original focus, the outer table “wept” blood, owing to the increased 
vascularity of the underlying diploic spaces. This was also demonstrated by the 
profuse bleeding from the opened diploic spaces. 
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small ]ninilciil foci clcvclo]). The al)ra{Ie(l area l)ccomcs involved dif- 
fusely first by a connuence of the smaller areas and then by a spread 
of the ])roccss into the adjacent dij)ioe. The outer and inner tables in 
the rc!;ions thus invaded may not be involved, and the only indication 
of diploic invasion may be a typical mottliiii;; as seen in the roentgeno- 
gram. Healing occurs by only a minor degree of sclerosis, less marked 
than in the cases of sclerosing osteitis. Invaded areas of diploe become 
less mottled and fade away, according to subsequent roentgenograms in 
our case. If the inner table .seque.strates, proliferation from its deeper 
margins reduces the size of the remaining defect. This regeneration 
of bone is evidently due to a greater healing activity of the inner table. 

In spreadinej osicoinyclilis of the skull, the infection begins at a 
fracture line in the skull, or at the margin of an operative defect (as 
a decompression opening). It travels along the opened diploic channels, 
usuall}- in a retrograde direction of the venous flow, i. e., toward the 
vault rather than the base. This is likely accounted for by stasis of 
blood in the diploic channels with resulting thrombosis, followed b}'^ a 
retrograde spread of infection, either in the venous channels themselves, 
or in the diploic spaces about them. When such spaces are followed 
until two meet, a sequestrum is outlined, being visualized in the roent- 
genogram by the enlargement and prominence of such spaces. Exten- 
sion through the inner and outer table from this enlarged channel 
converts this area into a free sequestrum. 

In the third type of traumatic osteomyelitis, infection is super- 
imposed on a comminuted fracture. The process in such cases is 
fortunately limited by the fracture lines about the fragments; at least, 
this was what occurred in the cases in our series. Had infection started 
before reparative processes had begun in the fracture lines of the bones, 
invasion of the diploic spaces and vessels might have occurred, and a 
different picture might have been presented. We have as yet seen no 
such case, but the possibility must be admitted. The process is limited 
in the surrounding bone, probably by a prompt and active response to 
the infection. The fragments already separated from their blood supply 
are more susceptible to the necrosing process, and in fact soon become 
sequestrums in which degeneration takes place. In one of our cases 
infection began after fibrous union of the fragments with the adjacent 
bone had alread}' started. 

Formation of Sequestrums . — In anj' type of traumatic osteoin3'elitis, 
sequestrums are likely to be formed. They are often discharged spon- 
taneously, especially if of small size. At times it mav be necessar}' to 
remove larger ones surgicallv. The method of formation of 
sequestrums, as well as their ultimate fate, differs in the various types of 
osteom\'elitis and will be considered separated. 
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In sclerosing osteitis, although the original necrosis and infection are 
essentially focal, an elongated sequestnnn is usually formed and dis- 
charged. This would lead one to the conclusion that the infectious 
process had spread around and isolated a central island. If this spread 
occurs in the diploic spaces themselves, one wonders why it is so limited 
in extent. Furthermore, the sequestrum is elongated, and often remains 
attached to the adjacent skull by a pedicle at either end, usually toward 
the base and the vault of the skull. This is evidence that the infection 
does not spread concentrically and diffusely, but longitudinally and more 
or less parallel. It may take place along small venous radicals in the 
diploe. 

In circumscribed osteomyelitis, the sequestrum usually consists of 
fragments of the inner table beneath the abraded area. As shown in 
our case, the inner table beneath the eroded area becomes isolated by 
a ring of rarefaction necrosis. This rounded sequestrum may in turn 
be broken up and discharged. A still different situation exists in 
spreading osteomyelitis. ' As shown in our case, the sequestrum is out- 
lined by the infection spreading along the diploic veins, to be separated 
entirely later when the outer and inner tables over the infected channels 
become eroded. Invasion of the diploic spaces of the sequestrum then 
occurs, with more marked destruction of the outer than the inner table. 
Possibly because of its more abundant blood supply, the inner table 
escapes except for the erosion of its margins. The conception necessi- 
tates a continued attachment of the “sequestrum” to the underlying 
dura for a variable period following its peripheral detachment. This 
island of bone becomes, in fact, a sequestrum only when this connec- 
tion with the dura has been broken. Figures 2 and 3 illustrate the 
change taking place in the sequestrum in case 4. 

When infection occurs in a case of compound comminuted fracture 
of the vault, particularly before fibrous union has taken place, prac- 
tically all of the smaller fragments will become infected and form 
sequestrums. In case 6, one of the larger fragments, being more dis- 
tantly situated from the source of infection, escaped the process and 
remained attached to the adjacent skull. Before discharge, a variable 
degree of necrosis takes place in all sequestrums. In contrast to what 
occurs in sequestrums secondary to spreading osteomyelitis of the skull, 
the inner table of such fragments undergoes a greater degree of 
necrosis than the outer table (fig. 4). This is likel}' due to the active 
invasion of the minute perforations of the inner table, points of entrance 
of the terminal arteries. The outer and more solid surface is less 
exposed to invasion of the infectious organism.®'* 

8a. Destruction of the inner and outer bony tables does not occur to an equal 
degree, differing as to both the extent and the table most markedly involved. Cush- 
ing (Keen. \V. W. : Surgery, Philadelphia, W. B. Saunders Company, 1912, vol. .1, 

( Fnotuotc continued on f’agc 550) 
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In either case, once the sequestrum has formed, the erosion of the 
margins begins, resulting in an irregular fragment. In instances of 
localized osteomyelitis this infectious necrosis may occur more or less 
en masse, owing to the original widespread process. Complete erosion 
of the bone may occur in circumscribed areas, resulting in holes in the 
sequestrum which may, h}’’ irregular erosion of the margin, become 
continuous with the margin, further adding to the irregularity of its 
shape. Why erosion should occur in such spots to this extent may be 
conjectured as being again due to the peculiarities of the local vascular 
channel arrangement. This irregular erosion and necrosis may result 



Fig. 4 (case 6). — Sequestrum, showing the outer {A') and inner (5) surfaces. 
The outer surface is comparatively smooth, showing little evidence of erosion from 
this surface. The inner surface shows marked erosion and perforation of both 
tables from this side. 


in the separation of small flakes and fragments from the mother frag- 
ment. which may be discharged from the tvound, or may undergo 
complete necrosis in situ. 

p. 49) states that the inner table is often more extensivelv destroyed than the outer 
one. This was the situation in case 6, in which an infectious necrosis took place in 
the larger fragments. In case 4, to the contrary, the outer table of the sequestrums 
uas more extensively necrosed. This difference is probably to be explained largely 
on the basis of the blood supply. In fragments separated from the dura, necrosis 
occurs more readily in the inner table, owing to the facility of invasion along the 
\ascular channels perforating the bone. When the dural attachment is retained, the 
outer table with its comparatively lesser blood supply is more apt to be necrosed. 
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I'ATIIOLOGY 

As lias already licen stated, it has Iiecn iiniiossihlc to nialce a study 
of tlie ]iatholo”;ic process in our cases, owinsj to lack of radical surgical 
measures, and the fact that none of the patients died. It would 
undouhtedly he enlightening to know the details of the reaction taking 
])lace in the adjacent hone in the various tyiies of lesions, which leads 
to ultimate healing. It will he necessaiy to refer to the work of 
AlcKen/.ie," who studied the pathologic changes in spreading osteo- 
myelitis of the skull secondary to frontal sinusitis. This type of 
osteomyelitis is similar to that following trauma. We are in accord with 
his observations, that the disease docs not confine itself to the diploe, 
hut may destroy the solid hone of the tables themselves. It is his opinion 
that the lesser the blood suppl}’. the more apt the bone is to become 
infected. This likely accounts for the rapid necrosis of sequestrums 
ivhen separated from their blood supply. 

Laurens found that thrombophlebitis of the diploic veins was 
found well in advance of the disease of the bone. It seems probable 
that, as the process is known to spread more actively toward the vault, 
there is a local thrombosis of the veins at the margin of the infection, 
with a retrograde extension of the thrombosis, owing to a backing up 
of the venous current. Infection spreading in this thrombus could 
easily account for the rapid spread of the disease. It also spreads by 
direct invasion of the diploic spaces and haversian canals by the infecting 
organism, a necessarily slower process. 

The lesion itself is to be considered, according to McKenzie, as an 
infectious rarefying osteitis or panosteitis, leading to a more or less 
extensive destruction of all constituent elements. It may be divided 
into the following stages: (1) congestion, (2) pus formation in foci 
in the diploe, (3) diffuse involvement of the entire diploe and (4) pene- 
tration of the external and internal tables along vascular channels in 
the osseous tissue, with ultimate necrosis of the bone. In spreading 
osteomyelitis of the skull following trauma, there seems to be one 
essential difference from that secondary to frontal sinusitis. Rapid 
and direct invasion of the diploic veins takes place, with little lateral 
extension into the adjacent normal bone. The isolated sequestrum, 
however, shows evidence (case 4) of active invasion of the diploe and 
marked destruction of the outer table. 

In the sclerosing and circumscribed types of traumatic osteomyelitis 
of the skull, a different picture is presented. In the localized types of 
osteomyelitis, even though there is no active or diffuse s])read of the 
infection by way of the diploic vessels, engorgement of these vessels 

9. McKenzie. Dan: Diffuse Osteomyelitis from Nasal Sinus Suppuration, J. 
Laryng. & Otol. 28:6, 79 and 129, 1913. 

10. Laurens, quoted by McKenzie.® 
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in the area surrounding the original focus is indicative of an abundant 
protective reaction. The central zone of inflammation and necrosis 
breaks down, often with the formation of a central .sequestrum. Reac- 
tion in the surrounding bone soon dcvelo]xs, and the extent of the 
inflammation is limited to a variable degree by a sclerosing process. 
Proliferation of bone at the margin of the defect often reduces it in 
size. The final stage of the disease is rejircsentcd by a defect in the 
skull with an eburnated, rounded margin. 

In cases of a superimposed infection on a comminuted fracture of 
the skull, an interesting pathologic situation exists. Peculiarly enough, 
active invasion of diploic A'eins opening into the fracture lines out- 
lining the defect is of rare occurrence. Furthermore, the margin of 
the bone shows little reaction in this form of sclerosis. The essential 
lesion is an infection-necrosis of the fragments within the area. If 
small, practically all of the fragments become readily involved. Some 
of the larger fragments, especially if at some distance from the point 
of infection, may escape (case 6). In the larger fragments that become 
involved, iiwasion of the diploic venous channels may occur along with 
erosion of the inner surface and the margins. These processes produce 
an irregular fragment, which is often broken into several parts before 
it is discharged. 

As illustrated by our cases, it is evident that healing of the external 
sinuses nia)^ occur before all of the smaller sequestrums are discharged. 
Such fragments undergo necrosis and absorption in situ. Large frag- 
ments, however, act as foreign bodies — as sequestrums in other bones 
and their presence delays final closure of the draining sinuses. 

It must be admitted that other pathologic possibilities may, and likely 
do, occur. This discussion is necessarily based on the cases at hand, 
and, for lack of material on which histologic studies might have been 
made, there undoubtedly exist many gaps in the knowledge of the 
pathology of this lesion. 

Intracranial Complications . — As characteristically seen in localized 
osteitis of the skull, extradural abscess is the most common intracranial 
complication. This accumulation of pus is the result of a downward 
spread of the infection through the inner table. Local dural hyperemia 
is followed by formation of granulation tissue and exudation of pus. 
In most instances an extradural abscess is evacuated spontaneous!}' liy 
dissolution of the overl 3 -ing bone, but on occasion, as Pott himself 
learned, it is necessary to trephine and drain. This procedure is indi- 
cated when evidences of sepsis and localizing neurologic signs make 
their ajipearance in a recognized case of osteomyelitis. 

In a recently studied case® an encapsulated and localized subdural, 
as well as an extradural, abscess was found and surgically drained. 
That this docs not occur more frequently is in itself evidence of the 
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protective :il)iiity of tlie dura. Mcnintjiti.s, sinus tliroinbosis and cortical 
and subcortical al)scess of tbe brain are a])j)arently rare complications, 
unless tbe infection is carried tbi'ougb tbe araebnoid and into tbe brain 
at tbe time of injury. It is easily possible for a septic meningitis to 
develop, sbould an e.xtradural or particularly a subdural abscess remain 
undrained for any |)eriod of time. 

KnVIKW 01' TIIK KMCKNT LITERATURE 

Tbcrc have been but few cases of traumatic osteomyelitis of tbe 
skull reported in tbe jiast few years. As bas been stated, sucb instances 
have been s]ioradically cited in reports on injuries of tbe bead, but case 
studies have been few in tbe recent literature. Howard Fleming ” 
reported tbree cases following injury', in two of ivbich tbe patients were 
operated on. and all recovered. Sbea reported a questionable case in 
wbicb an injur}' preceded a frontal sinusitis, and osteomyelitis followed 
an operation on tbe frontal sinus. Dabney also reported a case of 
osteomyelitis of tbe frontal bone following trauma, with recovery after 
repeated operations, on wbicb occasions tbe diseased bone was 
rongeured away. A similar case was described by Zeno and Caines.^’" 
Stoian and Costescu recently reported a case in wbicb clinical cure 
was followed by jacksonian seir.m'es, assumed to be due to some intra- 
cranial complication. Dr. Costescu told us that these manifestations 
were short lived and the patient was soon able to resume bis military 
duties. 

Sucb reports give only a meager insight as to tbe frequency of tbe 
condition, for it is likely that many sucb cases occur. It would be of 
interest to know what complications occur; what tbe mortality is after 
radical and conservative treatment, and what the duration of tbe various 
types of osteomyelitis might prove to be. 

Viewed from a roentgenologic standpoint and the clinical course 
of tbe disease in tbe various cases, the following case reports, together 
with a roentgenographic history of each case, illusti'ate some of the 
essential points in tbe pathogenesis as well as tbe factors of treatment. 

11. Fleming, Howard: Osteomyelitis of tlie Skull, California & West. Med. 
23:985, 1925. 

12. Shea, J. J. : Osteomj-elitis of the Frontal Bone: Two Cured Cases, Ann. 
Otoh, Rhin. & Laryng. 37:500, 1924. 

13. Dabney, V. : Osteomyelitis of the Frontal Bone : Report of Four Cases 
Presenting Problems in Etiology and Treatment, .‘\rcb. Otolaryng. 8:177 (.Aug.) 
1928. 

14. Zeno, L. O., and Caines, O. : Osteomiclitis del frontal y absceso e.\-tradural 
con relation de dos casas personalcs, Seniana med. 2:915. 1928. 

15. Stoian, C., and Costescu, P. : Ostcomielita oasclor craniului si tratamcntul 
ei actual, Rev. de cbir., Bucurcsti 34:260 (July-Scpt.) 1931. 
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REPORT OF CASES 

Case 1. — Sclcrosiiuj osteitis of the oecif>ital hone folloxoiiifj local iujury. 

History. — A musician, aged 22, was admitted to the hospital on March 4, 1929, 
with the complaint of tenderness and drainage from an “abscess” on the back of 
his head. He had struck the back of his head about three months previously while 
working under his car. Shortly afterward, he noticed a swelling with tenderness 
on the back of his head. This swelling ruptured spontaneously, and a small amount 
of pus was evacuated. A local physician enlarged the opening and removed a 
sequestrum, and then sent the patient to the hospital. 



Fig. 5 (case 1). — Roentgenogram, showing sclerosing osteomyelitis in the let 
occipital region. The bridge between the lighter and darker areas finally seques- 
trated. It is likely that both tables were involved above, while the outer table 
alone was involved below. 


Physical Examination . — The patient w’as a well developed and well nourished 
white man, presenting a draining sinus over the left occipital area about the size 
of a quarter. There were practically no signs of inflammafion locally. The ora 
temperature was 99 F. Stereoscopic views of the skull revealed a small irregular 
area of destruction in the left occipital bone near the protuberance. 

Coiiric. — A conservative form of treatment was adopted, and the local wound 
began to close, with a decrease in the amount of drainage. A small sequestrum 
was removed on .April 12. The patient was discharged from the hospital on 
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April 13, with instructions to return to the outpatient department for observation. 
He had regular dressings twice a week. Examination of the site of the wound 
four months later revealed a well healed scar with no drainage. 

Course of Lesion Follozeed Roentgenoloyically. — At the time of admission, 
roentgenograms of the skull showed a small irregular area of destruction in the 
left occipital bone, which had involved both tables (fig. 5). The surrounding 
bone was thickened and sclerosed. No sequestrums were visualized at this time. 
On April 8, a second series of pictures revealed a small central sequestrum. As 
compared with the previous films, the margins of the involved area were smoother 
and the area was smaller, evidentlj- due to some proliferation of bone in the region. 
The sequestrum referred to here was removed during the course of dressing the 
wound on April 12. 

With steady improvement and cessation of drainage during the subsequent 
course of the condition, no further films were taken, and the patient was lost sight 
of after the wound had completely healed. 

Continent . — ^This is the first example in the series of so-called 
“sclerosing osteomjxlitis” of the skull following a local injur}'. It 
would no doubt correspond to “Pott’s puffy tumor” of last century’s 
surgical literature. In such cases the sequestrums formed are often 
discharged spontaneously through the draining wound, operative treat- 
ment, therefore, not being required other than the incision of the original 
swelling. This case ran a comparatively short course as compared with 
other cases in the series, about nine months in all. 

Case 2. — Sclerosing osteitis of the skull fotlozoing a btoio on the head by falling 
timber. Long clinical course. Operative removal of central sequestrum and final 
healing. 

History. — A Me.xican laborer, aged 67, was admitted to the hospital on March 
18, 1929, with the complaint of local pain and tenderness and a draining wound in 
the right occipital region. About nine weeks previously he had been struck on 
the head by a falling timber while at work. This was followed after a week’s 
interval by a large fluctuant swelling at the site of injury. The swelling had been 
opened by the family physician, and a large amount of pus evacuated. The wound 
showed no tendenej' to heal, and the patient finally appeared in the neurosurgical 
clinic. 

E-vamination. — The patient was a well developed and well nourished Mexican, 
who presented a profusely draining sinus in the right occipital region with an 
external opening about the size of a dime. Foul, yellowish pus exuded from this 
opening. The temperature on admission was 101.6 F. Roentgenograms revealed 
an irregular localized area of decreased densitj' in the right posterior parietal 
region with a marked thickening of the surrounding bone suggestive of sclerosing 
osteitis. 

Course. — The customary conservative form of treatment was adopted, with daily 
dressings with balsam of Peru. Under this regimen, the drainage soon became 
less profuse, and there was a definite subjective relief of pain and discomfort. The 
patient was discharged from the hospital on May 17. 

The patient was kept under observation for many months, during which the 
wound was dressed two or three times a week with alcohol or peroxide irrigations, 
and then treated with mercurochrome-220 soluble. On Oct. 22, 1930, because of 
the persistence of drainage, the patient was readmitted to the hospital, and the 




Fig. 6 (case 2). — Roentgenogram, showing area of rarefaction in the right 
parietal region, possibly an extension of the original focus, seen here outlined on 
the occipital contour. 



Fig. 7 (case 2). — Roentgenogram, showing sclerosing osteomyelitis of the right 
occipital region with formation of a central scejuestrum. 
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wniiml carefully exjilored (hy Dr. Aticl.siciii). A small irregular sec(iiestriini was 
tlclaclicd from the margin of the involved area, and the wound incompletely closed, 
permitting of free drainage. Again daily dressings were made with balsam of 
I’ern until there was hut a small amount of drainage from the wound. The patient 
was discharged to the outiiatient department on November 28. He was last seen 
in the clinic Ajiril 18, 19.11, when the wound had closed. 

Course of Lesion as Seen in Roenlueiwtirants . — The first examinations were 
made on March 20. 1929, at the time of first admission, when an irrcgularitj' of 
density of the hone was observed in the right occipital region with some thickening 
of the vault about it. This bony reaction was therefore evident nine weeks after 
the original injury, and eight weeks after the first evidence of local infection, 

A second series of pictures was taken on Afay 17, two months later, when the 
same general picture was presented, no .scqiiestrnni having formed in the interval. 
Two other small areas of rarefaction of the vault were found in the right parietal 
region (fig. 6), and in the line of the paricto'occipital suture. The nature of these 
rarefied areas was never definitely settled, but the possibility of a regional metas- 
tasis of the infection was thought of. These areas did not change during the course 
of observation, and were present at the time of final discharge. Reexamination on 
July 30 revealed no change in the condition. 

On April 11, 1930, the area of involvement of the bone had become slightly . 
larger, and was then about S cm. in diameter. Within this area of moth-eaten 
appearance, there were some small denser shadows, suggesting that a sequestrum 
might be forming (fig. 7). There also seemed to be some enlargement of the 
diploic spaces above and anterior to the area, as though some invasion of these 
spaces had taken place. On July 9 and October 23, anteroposterior views revealed 
the slow development of a well outlined sequestrum attached to the surrounding 
solid bony margin by a narrow pedicle above and below. 

The final pictures of the series were taken on Feb. 2, 1931, and revealed the 
area to be decreased in size with definite sclerosis of the surrounding bone. Some 
proliferation of the surrounding bone had taken place. 

Comment . — This patient had the t3'pical sclerosing type of osteo- 
iityelitis of the skull following injury, characterized by a long clinical 
course and final healing, with sclerosis of the bony margin of the defect. 
There was some tendency toward filling of this defect by proliferation of 
the bony margin. Invasion of the diploic spaces was suggested in the 
roentgenograms on one occasion, which remained localized, due probablv 
to the protective reaction in the bone which developed coincidently with 
the infectious process. The only recourse to surgical intervention was 
indicated by the. formation of a well outlined sequestrum. 

Case 3. — Circiiinscribed osteoniyelitis of the skull following f>artinl ai'ulsion of 
the scalp with destruction of a portion of the outer table. 

History . — A mechanical engineer, aged 52, was struck by an automobile while 
walking down the road. He suffered multiple abrasions and lacerations about the 
head and face, as well as a partial avulsion of the scalp over the right postero- 
parietal region. This occurred during the latter part of December. 1929. He was 
treated bj" a local physician until his removal to Los Angeles, the details of the 
treatment not being known. At the time of his admission to the hospital on 
Jan. 27, 1930, there were considerable local pain and a profuse drainage from the 
wound, which was opened widely. 
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Examinafion . — The patient was a well nourished and well developed white man 
of middle age, whose general condition seemed to be good ; his temperature was 
normal. A large jagged laceration of the scalp was found in the right postero- 
parietal region, exposing an area of skull 6 by 8 cm. There was a profuse purulent 
discharge from the edge of the wound, and the bone itself appeared dark in color. 
It had a ragged appearance, owing to the irregularities in the exposed diploe, 
from \vhich pus oozed at numerous points. Stereoscopic views of the skull at 
this time revealed a circular area of mottling of the bone, 4.5 cm. in diameter, 
rvhich was diagnosed by the roentgenologist as osteomyelitis of the skull. 

Course . — The laceration and the exposed area of the scalp were treated con- 
servatively by dailj' dressings with balsam of Peru. The subjective sj'mptoms of 
headache and vertigo (probably posttraumatic in the latter instance at least) soon 
disappeared, granulations began to fill in the exposed area, and drainage became 
much less. The patient left the hospital against advice on April 4, going to the 



Fig. 8 (case 3). — Local osteomyelitis of the skull following traumatic abrasion 
of the outer table. The mottled appearance of the area is characteristic. 


Veterans’ Hospital in Sawtelle, Calif. He remained under treatment in that insti- 
tution for about a year, where the same sort of treatment with balsam of Peru 
was carried out. During this interval he was seen twice in our outpatient clinic, 
on Dec. 6, 1930, and on March 27, 1931, at which times roentgenograms of the 
skull were taken. At the time of his last visit, the wound had completelj' closed. 

Course of the Lesion Followed Rocutgcuologically . — The series of x-ray films 
were taken at the time of the patient’s admission on Jan. 27, 1930, and reveale 
the tA'pical mottled area in the right parietal region characteristic of osteomyelitis 
of the skull (fig. 8). No sequestrum was demonstrated at this time. The patient 
left the hospital rather suddenly against ad%’ice, and no further pictures were taken 
at this time. On Dec. 6, 1930, he returned to the clinic, and roentgenograms 
showed a narrowing of the original area, although its central portion appearc 
clear, as though a sequestrum had formed and had been discharged or surgicallj 
removed. Below and posterior to the original area was another area of equa 
size, showing a diffuse mottling suggestive of an extension of the infection into 
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the diploe of this region. The area was irregular in outline, and was limited by 
the parieto-occipital and the temporoparietal sutures. The reduction in size of the 
original area appeared to be due to a proliferation of bone from the inner table 
of the skull. Its margins were rounded, and its increased density suggested an 
early sclerosis. 

At the time of the patient’s last visit to the clinic on March 27, 1931, at which 
time the wound had closed, a right lateral stereoroentgenogram of the skull 
revealed a progressive narrowing of the original area of osteomyelitis. This was 
again found to be due largely to the proliferation of bone of the inner table, the 
defect in the outer table remaining about its original size. The defect in the inner 
table was 3.5 by 2 cm. in its greatest transverse diameters. The bone about the 
defect had become thickened and sclerosed. The mottled area previouslj' described 
below the original area was less conspicuous, healing evidently having been 
going on. 

Comment . — This instance of osteomyelitis of the skull was due to a 
direct implantation of contaminated material into the exposed diploe of 
the skull. At the time of admission, almost a month after the accident, 
the diploic spaces were grossly infected. A more complete follow-up 
was impossible, owing to the lack of cooperation on the part of the 
patient, but fortunatelj' he fell into the hands of ph3-sicians who gave 
him the same type of treatment, it having been recommended on his 
departure. It seems evident that invasion of adjacent diploic spaces 
may occur to some degree from such a lesion. 

Case 4. — Spreading osteomyelitis of the vault developing in the margin of an 
operative defeet. 

History . — A white man, aged 36, a painter, was injured when the automobile 
he was driving was struck by an electric interurban train on the afternoon of 
March 11, 1928. A wound of the scalp was sutured by the physician rendering 
first aid. The patient was forwarded to this hospital, where he arrived several 
hours after the accident. 

Physieal E.vaniination . — ^The patient was conscious but rather confused, and 
there was profuse bleeding from the right ear. A wound 3.5 cm. in length was 
found in the right parietal area, which had been closed without drainage. The 
pupils were equal and reacted to light. .A.11 reflexes were present and equal on 
both sides. Lumbar puncture revealed the spinal fluid to be uniformly bloody, and 
under slightly increased pressure. Flat plates of the skull revealed what appeared 
to be a linear fracture in the right parietal region, extending downward into the 
base anterior to the mastoid portion of the temporal bone. 

Course . — ^The patient did fairly well for the following four days, and then a left 
hemiparesis developed, with clouding of consciousness and an elevation in tempera- 
ture to 103 F. The deep refle-xes on the weakened side were increased over the 
right, but no Babinski sign or ankle clonus was demonstrated. A right subtem- 
poral decompression was performed twelve days after admission by Dr. George H. 
Patterson, and a large extradural clot was evacuated. The patient’s condition 
began to improve immediately after the operation. This improvement was short 
lived, however, for three days later there was a rise in temperature, and swellings 
of the right elbow, left knee and right sternoclavicular joints made their appear- 
ance. It was also noted that the original laceration in the right parietal area was 
draining a moderate amount of foul-smelling pus. The wound in the scalp was 
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opened and drainage instituted. The abscesses in the regions of tlie involved joints 
were also opened, and culture of the pus showed Streptococcus viridans. The 
patient’s condition again began to inipro\’e, in spite of profuse drainage from the 
incised abscesses and the original wound in the scalp. 

The decompression wound in the right temporal region soon became infected 
secondarily to the original wound in the scalp. This wound broke down com- 
pletely and drained a yellowish pus in profusion. Because of the persistent drainage 
from the operative site, osteomyelitis of the underlying skull was suspected, and 
roentgenograms were taken on May 14, 1928. The films showed a diffuse destruc- 
tion of bone at the margin of the decompression defect and a marked prominence 
of the diploic channels posterior to it. The wound was treated conservatively with 
daily, or even more frequent, dressings with balsam of Peru, which resulted in 



Fig. 9 (case 4). — A, roentgenogram, showing original oblique fracture line, the 
operative defect and evidence of osteomyelitis following diploic venous channels 
and mottling of the bone. B, roentgenogram, showing advancing osteomyelitis 
which is separating a large irregular sequestrum. Smaller sequestrums are formed 
by the breaking off of the “horns” of the larger fragment. C, roentgenogram, 
showing the large sequestrum entirely separated, with increasing erosion of its 
margin. Smaller sequestrums are forming by the breaking off of its margins. 
D. roentgenogram, showing the irregular defect in the skull left b 3 ' the removal 
of sequestrums. There appears to be some proliferation of bone from the inner 
table in the upper margins of the defect, evidently an attempt to obliterate it. 


but little change in the character and amount of drainage. Because of this con- 
dition. the patient was kept under observation in the hospital for about a j'ear, 
when further roentgenograms of the skull were taken (April 15, 1929), which 
revealed the formation of a large irregular sequestrum above and posterior to the 
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ilcconiiircssion defect. \v:is removed .siirpicnlly l)y Dr. George II. Patterson 

on April 24, 1929 (figs. 2 and 3). 

'I he wound continued to drain profusely for several months, hut finally began 
to fill in with granulation tissue, with lessening of the amount of pus. During this 
interval the wound was dressed daily with halsam of Peru. The patient was dis- 
charged to the \'eterans’ Hospital at Sawtellc, Calif., on Jan. 4, 19.10. A letter 
from that institution dated April I.'i, 19.10, stated that the wound in the skull was 
still draining. A more recent comuumicatiou states that the wound healed after 
the defect in the skull had heen clo.sed hy grafts hy Dr. Eliott Alden. 

Cnitrsr of the Disease Folhwed Koeiitiieiiolonieally . — The first films were taken 
on March 12, 192S, immediately after the injury, and revealed a linear fracture 
e.\tending through the right parietal and temporal hones into the base. The first 
evidence of osteomyelitis was shown on May 14, 1928, when a right lateral stereo- 
roentgenogram of the skull revealed an extensive and diffuse mottling of the 
bones of the skull in the right parietal region, marked bj- definitely enlarged diploic 
channels extending uiiward and posteriorl 3 ' from the decompression defect 
(fig. 9.4). On iMay 28, 1929, a similar picture was presented, e.xcept for the 
apiiearaiice of an irregularly oval area posterior to the operative defect, and con- 
nected to the inferior diploic channel. I'ilius taken on Aug. 29, 1928 (fig. 9B), 
showed essentially the same findings, except for a definite widening of the diploic 
channels and an increase in the haziness of the bone in the region. Films taken 
on Dec. 20, 1928, and Fell. 2.3, 1929, revealed a progressive widening of the diploic 
channels outlining the secpicstnim, with an increasing irregularity of its margins. 
On Ajiril 15, 1929, the seciuestrum was found to have separated itself entirely from 
the surrounding bone, and several .smaller fragments had been separated from the 
larger mass (fig. 9C). There was a large clear area in the upper part of the 
involved area, as though a considerable portion of the sequestrum had undergone 
complete destruction. The large sequestrum and several smaller fragments were 
removed at operation on April 24, 1929. Subsequent right lateral stereoroentgeno- 
granis of the skull, taken on June 17, Oct. 1 and Nov. 22, 1929, revealed a pro- 
gressive rounding off of the margins of the defect, with occlusion of the regional 
diploic channels, a lessening of tlie moth-eaten appearance of the skull and an 
increasing density of the bone forming the margin of the defect (fig. 9/9). 

Coiumoit . — This is an e.xcellent e.xample of the spreading type of 
traumatic osteoni3'eiitis of the cranial vault. In this instance, a direct 
invasion of the diploic channels was possible in the margin of the opera- 
tive defect in the bone, an unfortunate necessity owing to the occurrence 
of an interval hemorrhage. The history is that of a slowly developing 
sequestrum, outlined by converging diploic channels with final separa- 
tion of the fragment by erosion through the inner and outer tables 
bounding these channels. Surface interference \vas limited to simple 
enlargement of the draining sinuses and removal of sequestrums with- 
out interference with the adjacent bony margins in which the battle was 
still being waged — quite successfulh’, as time showed. The interval 
treatment was conservative, with daiK' dressings with balsam of Peru. 
Of interest in this case are the metastatic foci elsewhere in the body. 
McKenzie ” stated that such foci are not uncommon following traumatic 
osteomyelitis of the skull, but they are rare following osteomyelitis 
secondary to suppuration of the frontal sinus. 



564 


4RCHIVES OF SURGERY 


parietal region. Roentgenograms of the skull revealed a markedly comminuted 
fracture of tlie left posteroparietal region of the vault, with depression of several 
fragments. 

Course . — On Aug. I, 1931, the depressed fragments were elevated and replaced 
through a semilunar incision (by Dr. Courville), following which the wound 
healed by first intention. Acute tonsillitis and a pustular infection of the skin of 
the trunk and of the scalp developed on the fifteenth postoperative day. Two of 
the scalp foci developed within the region of the operative site, one immediately 
adjacent to the incision and the second in the midportion of the scalp. The skin 
incision became infected, broke down and discharged in its lower portion adjacent 
to one of the local pustules. A second focus developed into an abscess about the 
size of a half dollar within the tissues of the galea. Smear and culture showed the 
infecting organism to be Staphylococcus aureus. The location of the draining sinus 
in the wound, with the amount and persistencj’ of the discharge, gave rise to the 
suspicion that the infection had gained access to the subaponeurotic space with 
infection of the bone itself. This was verified by roentgenograms of the skull, 
which showed the bony margins of one of the large fragments to be hazy and 
irregular. 

The bone was reexposed (by Dr. Courville) through the original incision, and 
granulation tissue evas found extending down to the skull itself. The abscess m 
the scalp had broken through the galea, and pus w’as present over the bone, 
although not in any great quantity. The bone of the major fragments appeare 
to be normal grossly and union with the surrounding bone had already begun, so 
it was hoped that the fragments would not be sacrificed. The wound was looselj 
closed, with drainage in the incision and in the abscess of the scalp. Following 
the operation there w'as extensive drainage from all openings. The wound was 
dressed daily with balsam of Peru. On September 14, a small triangular sequestrum 
was recovered from one of the sinuses. 

Nothing noteworthy occurred in the course of recovery until on Jan. 15, 19 -> 
pain developed in the left ear, follow^ed by rupture of the drum and a purulent 
drainage. Smear and culture revealed the infecting organism again to be Staphy o 
coccus aureus. The physical condition remained good ; there cvere no unusua 
elevations in temperature, and the child was able to be up and about the war • 
On January 22, an irregular margin of a large sequestrum presented itself ^ ^ 
opening of one of the draining sinuses, and this was removed two days later wi 
little difficulty. 

It was thought advisable to give the patient Staphylococcus aureus bacteriophage 
in an attempt to accelerate healing of the wound. This was given in amounts o 
from 0.25 to 1 cc. dail 3 '. The wound closed rapidly, possiblj' due to the action o 
the bacteriophage, but likelj' also facilitated bj' the removal of the bon 3 ' sequestrum. 
The child was discharged from the service on March 26, with a dr 3 ' scab o\er t e 
last of the sinuses, and repeated observations since that time ha3'e revea e no 
tendenC 3 ' toward a recurrence of the infection. 

Course of the Lesion FolJoioed Roentgcnologically . — The first evidence of 
fion in the skull was found on Aug. 24, 1931 (fig. 11 A), less than four weeks 
after the injur 3 -, and about a week after infection, at which time there was a hazi 
ness of the margins of the fragment in the lower portion of the depressed area, 
with a decrease in density, suggesting osteomyelitis. A small sequestrum was 
recovered on September 14, probabh' one of the smaller fragments of the origma 
injury. Left lateral stereograms of the skull, taken on October 24, showed a 
marked irregularity of the lower fragment with haziness of its substance and an 
erosion of its midportion. The lower portion of this fragment had become sepa 
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rated, Ml that two small sc(iucstnims were seen in the fdms. The large sequestrum 
was still iu glace at this time. Another series of fdms taken on Jan. 23, 1932, 
revealed a forward and downward displacement of the large lower fragment, which 
was now irregtdar in contour and presented a large defect in its midportion 
(fig. 11 />’). It was one corner of this fragment (hat presented in one of the 
sinuses, and which was removed in toto the day following the taking of the 
roentgenograms. The final pictures were taken on March 23 (fig, 11 C), which 
showed a rounding off of the contour of the hony defect. There were faint shadows 
in the area, which might have been small sequestnnns. It was of interest to note 
that the upper fragment remained imatTccted hy the infectious process, and that 
hony union with the surrounding skull had alread 3 ’ begun. 



Fig. 11 (case 6). — A, osteomyelitis of fragments of bone following comminuted 
fracture in the left parieto-occipital region. First evidence of infection in the 
bone, less than four weeks following injury. Invasion of diploic veins of the lower 
fragment is indicated by irregular lines within its margins. B. e.xtensive erosion, 
fragmentation and dislocation of the original sequestrum. C, defect in the skull 
left by the rcmov.al of a large sequestrum. Faint shadows within the outline of the 
defect suggest that smaller sequestrums may still be present. 

Cotument . — This case is unusual in that an incidental infection of 
the scalp in a small patient evidently su.sceptible to staphylococcic infec- 
tions was responsible for a rather complicated history of what otherwi.se 
might have been a simple case. The condition is probably to be cs]ie- 
ciallv classified with case 3, as a modified osteomyelitis of the skull, in 
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the sense that the process spread in one of the large fragments in a 
rather typical way. The process did not extend in the surrounding 
healthy skull, and, peculiarly enough, not in the upper fragment, 
somewhat more remote from the original infection. With the proba- 
bility in mind that there was a systemic low threshold of resistance to 
the staphylococcus, a course of treatment with bacteriophage was insti- 
tuted. This appeared to hasten the healing process, and it is probably 
wise in selected chronic cases to use this means in the treatment of 
the condition. 


TREATMENT 

The question of radical versus conservative treatment of osteo- 
myelitis of the skull has provoked much discussion and at this 
time there appears to be a tendency in some clinics to handle such 
cases in much the same manner as osteomyelitis of the long bones of 
the bod)', that is, by early radical surgical intervention. As indicated 
by a stud}' of the peculiar nature of the bones of the skull, their blood 
supply and the drainage system and with due appreciation of the oppor- 
tunity for infection to spread with ease and rapidity through the diploe 
and enclosed system of veins, it is our opinion that radical surgical 
intervention has but little place in the treatment of traumatic osteo- 
myelitis of the skull. This is in contradistinction to the principles of 
treatment of acute osteomyelitis elsewhere in the body, and it is felt 
that the good results in this series are in no little measure due to the 
confining of treatment to more or less conservative measures. 

Preventive Care . — The prevention of osteomyelitis of the skull is 
naturally of prime importance and concerns itself mainly with the care- 
ful handling and thorough debridement of the wounds in cases of 
injury to the head presenting compound fractures with indriven frag- 
ments of bone and debris from the street. It is necessary to remove 
all fragments of comminuted bone, hair and other extraneous materials, 
which always mean potential infection in these cases. A thorough 
debridement of irregular margins of wounds after the removal of all 
foreign material will often allow healing per primum. It has also been 
our practice thoroughly and repeatedly to iodinize all wounds extend- 
ing through the galea in the course of exploration for underlying 
fractures. 

Plan of Treatment . — ^When first seen, the active case may present 
an infected appearing wound of the scalp with irregular edges and 
draining variable amounts of foul-smelling pus. A roentgen examina- 
tion at this time will show the type of involvement of the bone present, 
although it may be anticipated by the history of the case. The local 
treatment consists of daily dressings with careful cleansing of the wound 
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and a])plication of halsain of ]\‘ru."' which in onr cxjjcricnce has found 
a definite place in the tlierajiy of this condition. This substance is 
slightly antisejitic. keejis the wound moist and favors the formation of 
healthy gramilation tissue. Exuberant granulations that threaten to 
close draining sinuses should he cauterized with a silver nitrate stick. 

The process of sequestration is often slow, and should be checked 
roentgenologically every three to four weeks. The time of separa- 
tion of the infected fragments depends on the virulence of the infection 
and the type of lesion. In some cases the sequestrum is spontaneous!}' 
discharged, and is found at the time of the daily dressing. If the 
sequestrum is large, it may be necessary to take the jiatient to the 
operating room for its removal. It is necessary to enlarge only the 
opening of the discharging sinus in order to permit the passage of 
the bony fragments. 

Healing does not take place, as a rule, until all large sequestrums 
have been discharged or removed. In both of our cases of osteomyelitis 
of fragments in comminuted fractures healing has occurred with small 
fragments still being present. It may be justifiable on occasion to 
remove well formed sequestrums surgically in an attempt to shorten the 
course of the infection. 

At no time, in our opinion, is it warranted or necessary to smooth 
the surrounding edges of the defect in the skull, as it can be readily 
seen that this procedure only tends to open widely the diploic spaces 
and to permit the spread of the infection. In other words, the most 
rational type of surgical treatment to be employed for traumatic osteo- 


16. The use of balsam of Peru for infections about the head is not a new 
departure in the field of therapeutics. In 1665, Peter dc Marchettis (Med. Chir. 
7:11, 1665; quoted by Ballance, C. : A Glimpse Into the History of Surgery of 
the Brain, New York, The' Macmillan Company, 1922, p. 88), reported a case of 
what seemed to be an extradural and subdural abscess which was treated with this 
substance after trephining. His description of the case is interesting : 

“I remember having a consultation with the famous D. Julio Sala, professor 
at Pavia, about a man who had been wounded in the head with a dagger. Not 
only was the bone injured, but the membranes and even the brain. The external 
wound has been treated by certain practitioners and a cicatrix had formed. After 
two or three months the patient was troubled with epilepsy and had a fit twice 
or three times a month. When asked bj' Professor Sala whether he had ever had 
an injury to the head, he replied that he had, and pointed out the place. I imme- 
diately inserted a probe beneath the crust, and found a penetrating wound, and 
proceeded at once to operation, and the opening of the parts. The next day I 
applied the trephine; yellow pus escaped. For 20 days I applied over the brain 
black western balsam, with the use of which the wound granulated, and in the 30 
days the patient was cured of his wound and of his epilepsy.” 

It is possible that balsam of Peru has been used by others in the treatment 
of osteomyelitis of the skull, but such reports have not made their appearance in 
the literature to our knowledge. 
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myelitis of the skull, under ordinal'}' circumstances, is simple removal of 
completely detached sequestrums. The occurrence of an extradural 
abscess that does not drain, or the formation of a secondary subdural 
abscess, necessitates exploration and drainage, preferably at the site of 
the original bony necrosis. It may be necessary judiciously to enlarge 
the opening made by the burr, for an extradural abscess may not be 
located immediately beneath the area of focal necrosis. 

Constitutional Measures. — It is of importance to build up and main- 
tain the resistance of the patient, who usually faces a long clinical course 
of months with this type of infectious lesion. We have employed the 
use of such measures as exposure of the body to ultraviolet light or 
the sun, and the administration of cod liver oil in run-down patients or 
in the case of children. It is best that such patients be ambulatory, 
and be permitted outdoors as much as possible. Provided no complica- 
tions arise, these patients may be treated in the ofifice and, with suitable 
protection, may carry on their occupations. 

Our experience with specific bacteriophage in this condition has been 
limited to but one case, and no definite opinion can be offered as to its 
value. In this case (case 6) it seemed rapidly to shorten the course 
of the infection, although the removal of a remaining large sequestrum 
also undoubtedly influenced healing to a great extent. This measure 
should be instituted in well selected cases, for it probably has its place 
here as in the treatment of other chronic pyogenic infections. 

SUMMARY AND CONCLUSIONS 

1. Traumatic osteomyelitis of the flat bones of the skull is a some- 
what uncommon complication of injuries of the head, judging from the 
reports in the literature and our own experience. It may be of more 
frequent occurrence, however, than available information would lead 
one to believe. It is preventable in many cases by suitable treatment of 
the original wounds of the scalp. 

2. A brief review of the anatomic factors that determine the course 
of the disease is given. The diploic spaces between the tables, together 
with the enclosed venous system, favor dissemination of the infection, 
although early local reaction usually prevents this from taking place. 

3. A suggestive classification of the lesion is based on the pathologic 

changes and the roentgenographic appearance of the lesion : ( 1 ) 

localized osteomyelitis, (2) spreading osteomyelitis and (3) infectious 
necrosis of fragments in comminuted fracture of the skull. Cases of 
localized osteomyelitis may be subdivided into (a) sclerosing osteitis 
following local injury with an opened or intact scalp and (b) circum- 
scribed osteomyelitis in which infection is implanted directly into the 
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cHi)loe after altrasion of the outer table of the skull. The type of lesion 
may he autieipated hy recognition of the mode and time of entrance of 
the infecting organism. 

4. Tile mode of invasion and spread of the infection, together with 
the jirohahle pathologic change in each type of osteomyelitis, is con- 
sidered. The jiathogenesis of the formation of sequestrums is also 
discussed. 

5. A series of six cases illustrating the various clinical types of the 
disease is presented. The course of the disease is followed roentgenologi- 
cally in each case. 

6. The ]ilan of treatment has been essentially conservative, consisting 
of daily dressings with balsam of Peru. This substance favors the 
subsidence of infection and the development of granulation tissue. It 
is necessary to keep draining sinuses open by controlling the growth of 
granulations, a silver nitrate stick being used when necessary. Surgical 
intervention is limited to the removal of sequestrums that cannot be 
discharged through draining sinuses. 



SNAPPING SCAPULA AND HUMERUS VARUS 
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The presence of friction sounds in the region of the scapula has 
not gone unnoticed either li}' the internist or liy the surgeon. The daily 
practice of auscultation of the chest has necessarily led to the discovery 
and differential diagnosis of sounds extraneous to the pulmonary tissue 
which might lead to erroneous conclusions. In the literature of the 
Continent a few articles devoted to a consideration of this subject have 
appeared in the German, Italian and French languages. In English, 
however, hardly anything concerning it has come to our. knowledge, and 
we make this our excuse for presenting a brief review of the subject. 

Credit for the recognition of this condition must be given to Boinet,' 
who was not able to determine the exact causation of the sound. Some 
time later Galvagni - had the opportunity'^ of observing several phthsical 
patients in whom scapular sounds were present. He was of the opinion 
that these sounds occurred in such patients as a result of their general 
emaciation, and the possible development of a bursa between the muscles 
of the scapula and the wall of the chest. However, subsequent obsei- 
vations by other authors hav'e demonstrated that scapular grating or 
snapping may' be found in a number of different pathologic conditions, 
as well as in relatively' normal persons presenting no subjective symp- 
toms whatsoever. Indeed, Lotheissen,^ who interested himself in the 
mechanism of the production of these sounds and who, by' practice, was 
able to develop them in himself, naively remarked that “with time, one 
acquires a certain virtuosity' in producing noises.” 

Scapular grating or snapping, the expression of sor.ie anomalous 
condition between the ribs and the undersurface of the scapula, is R 
tactile-acoustic phenomenon, which has been observed in vary'ing 
intensity in different persons. In some, there may' be a loud snap, 
clearly audible at a distance of several feet, while in others the noise 

From the service of Dr. H. Finkelstein, at the Hospital for Joint Diseases. 

1. Boinet: Bull. Soc. de chir. 8:458, 1867; quoted by Kiittner, H. : Deutsche 
med. Wchnschr. 30:534 and 580, 1904. 

2. Galvagni, E. : ytcd. Jahrb.. 1873, p. 274. 

3. Lotheissen: Med. Klin. 4:51, 1908. 
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niny he reduced to :i fine gnitinij sound. Ijiirely i)erce])lil)]e to tlie touch. 
'I'he intensity of the sound can in no wise lie considered as an indication 
eitlier of tlie severity of tlie patholoijic condition or of the degree of 
disability occasioned I)y its underlying etiologic factors. iManclaire ' 
divided the noises into three main classes: froissciiiciif. a gentle friction 
sound, which he considered entirely i>hysiologic in nature; frottciuciit, 
a sound of somewhat louder character, and craquciucnl , a loud snai^ping 
noise, invariably of jiathologic import. 

The frequency with which the physiologic friction sounds have been 
observed appears to vary within a wide range. Bassompierre,'"' in a 
study of 72 men, noted scapular crepitus as a gentle rustling sound in 51. 
This crepitus was noted over cither the superior or the inferior angle 
of the scapula and over cither half of the body, and apparently bore 
no relation to age or occupation. Griinfeld “ found scapular crepitus in 
,11 of 100 normal people whom he studied. De Laroquette ' observed 
scapular crepitus in 8.2 per cent of 620 normal persons. This type of 
physiologic scapular noise would be of no more than academic interest 
were it not for the fact that it may he heard quite frequently in tuber- 
culous patients, according to the e.xperience of Kirmisson.® From this 
point of view, the importance of recognizing and differentiating these 
purely physiologic from pathologic intrapleural sounds is apparent and 
need detain us no longer than to call attention to their existence. 

Our main interest may perhaps better be devoted to the latter two 
categories described by Mauclaire. A fairly careful review of the 
literature reveals that cases in which the sca])ular noise becomes 
abnormally loud are relatively quite rare. In 18,000 j^ersons, Lotheissen 
found only 1 case in which the scapular noise could be considered loud, 
and no case at all in 7,000 patients confined to bed and 40,000 ambula- 
tory patients in which true snapping of the scapula was observed. 
Similarly, Betkc.® who had a large military experience, found not a 
single case of snapping scapula. Nevertheless, a sufficient number of 
cases have been reported so that some classification has been possible. 
Fi'om a study of these cases, in which either unusually loud scapular 
noises or snapping was found, it appears that the causes of these 
sounds may be divided into three main grou]3s : 

(A) Those due to changes in the bony structure of the undersurface 
of the scapula, or of the wall of the chest. 

4. Mauclaire: Bull, et mem. Soc. d. chirurgieiis de Paris 30:164, 1904; Gaz. 
d. hop. 78:351, 1905. 

5. Quoted by Kiittiier, H. : Deutsche med. Wchnschr. 30:534 and SSO. 1904. 

6. Griinfeld, G. ; Arch. f. orthop. u. Unfall-Chir. 24:610, 1926. 

7. de Laroquette, M., quoted by Whitman, Royal: .A Treatise on Orthop.'cdic 
Surgery, ed. 9, Philadelphia, Lea S: Febigcr. 1930, p. 24S. 

8. Bctke: Bcitr. z. klin. Chir. 82:31, 1913. 
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(B) Those due to cliangcs in the musculature intervening between 
the scapula and the wall of the chest. 

(C) Those due to changes in bursae normally or ahnormally present 
between the scapula and the wall of the chest. 

To these may be added two other groups, which are incapable of 
proper classification because of a lack of exact knowledge either of the 
mechanism of production or of the underlying pathology. 

In the former of these two grouj^s are several cases in which no 
reason could be assigned for the production of scapular snapping. 
Axmann ” described the case of a girl of 18 who attributed the develop- 
ment of the sound to the carrying of books. X-ray pictures were nega- 
tive. No treatment was given, because there were no functional dis- 
turbances. Betke reported the case of a fusileer, in whom the sound 
heard at the superior angle of the scapula appeared following musket 
exercises. Conservative treatment was of no avail, and the patient was 
finally discharged with a 20 per cent disability. A second case seen 
by Betke occurred in a man 24 years old, in whom the sound was 
noticed following the lifting of a weight. At operation nothing, save 
some possible thinning of the subscapularis fibers, was noted. A four- 
cornered flap of the trapezius muscle (operation of Mauclaire) was 
placed between the anterior serratus muscle and the ribs. Both pains 
and snapping disappeared following operation. 

In the latter of these groups is to be placed a not inconsiderable 
number of cases which appear to be associated with certain occupational 
activities, such as dressmaking, needle working, piano pla 3 dng 
baking. Whether the noise is to be accounted for by reason of excessne 
use of the scapular muscles or whether it is to be explained solely on 
the basis of 'atrophy of the subscapularis muscle alone cannot be posi- 
tivel)’ determined. Jacoby reported 5 cases appearing in sportsmen. 
Teri'illon reported several cases of this nature. In 1, a baker 20 years 
old, snapping had been present for about two years. A brace which 
Terrillon applied for the immobilization of both scapulae restored the 
patient to full functional capacit 3 \ The second case was that of a man, 
who found it necessary repeatedl}' to raise his arm forcibly above his 
head. Snapping, audible at a distance, had been present for from three 
to four months, and had persisted, despite a change of occupation. 
Zaphiriades examined a seamstress, aged 17, with unexplained scapu 
lar crepitus and a feeling of oppression between the shoulder blades. 

9. .A.xniann: Deutsche mecl. Wchnschr. 30:955, 1904. 

10. Jacoby, P.: Ugesk. {. la;ger 84:1071, 1922. 

11. Terrillon: ^Arch. gen. cle med. 24:385, 1874; Bull, et mem. Soc. de cliirur- 
gicns de Paris 2:725, 1876; Bull. gen. dc therap. 46:8, 1879. 

12. Zaphiriades, A. : Contribution a I’etude du frottement sous-scapulairc. These 
dc Paris. 1903, no. 434. 
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TIkuii;!! tlie loft scapula was slif^litly winj^cd, tlic distinctly audible noise 
was more intense on tlie left side, d'liis observation is of interest for 
tlie reason tliat in tbe jire.sence of a winged sca|nila tbcre must be 
])redicated a weakness of tbe very muscles wbicli, by apjiosing the 
scapula to tbe wall of tbe chest, furnish tbe meclianical basis for snap- 
|iing. Doubtless tbe exiilanation of this case is to be sought in some 
anomaly of tbe soft structures. In the absence of more definite find- 
ings. however, it must be left in tbe category of undetermined etiology. 

A\'e ba^•e bad tbe opportunity of ob.serving' several cases belonging 
to this undetermined grouix 

C.\SE 1. — M., <1 woman, aged 25, a typist, was seen in the outpatient depart- 
ment in the early part of 1929, complaining of pain in the region of the right 
shoulder, which was made worse on working. Tlie pain radiated from the right 
scapular region down the whole right arm. and was associated with a markedly 
uncomfortable grating sound at the upper angle of the scapula, which could be 
felt and heard on downward motion of the shoulder girdle. The Wassermann 
reaction was reported as negative, and .x-ray pictures showed no evidence of bony 
abnormalities. The patient disappeared from our observation before anything could 
be done. 

C.\SE 2. — P. K., a woman, aged 34, a pianist, was first seen in ]\Iarch, 1932, 
complaining of pain in both forearms. Since the age of 15, she had noted a sense 
of constriction across the metacarpophalangeal joints on writing and on playing 
the piano. This sense of tightness was associated with a pain felt mainly along 
the inner aspect of both forearms and occasionally radiating to the region of the 
right shoulder and the right middle finger. 

E.xaniination disclosed a definite snapping of the scapula on the right side on 
abduction of the shoulder, with elevation and retraction of the scapula. To a 
lesser e.xtent, the same was noted on the left side. There was a small area of 
tenderness over the right pronator radii teres, but no other evidence of neuro- 
muscular involvement. The patient was given diathermy, with no apparent 
relief, and subseciuently disappeared from observation. 

The last case is one of more than usual interest because it may throw 
some light on certain forms of so-called writer’s cramp. In an almost 
identical condition which Galvagni noted, a seamstress of 22 reported 
that, on attempting to do her work, the fourth and fifth right fingers 
became e.xtended. There was a loud noise in tbe region of tbe inferior 
angle of the scapula, associated with ]iain radiating down the neck to 
the outer side of the arm. and with loss of tbe power of holding her 
needle. Examination disclosed an atrophy of tbe region of the right 
shoulder, but normal muscular reactions on electrical stimulation. 
^’csication over tbe scapula and right shoulder, with a fourteen day 
period of rest, restored the patient to her normal working cajiacity. 
Though unproved. Galvagni was of the opinion that the .symjitoms 
might have been attributable to the prc.sencc of an abnonnally dcvcloj^cd 
bursa in the scainilar region, and that many of the cases of occupational 
cramps associated with ]iains radiating up the arm were probably to 
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be explained on this basis. This cx])lanation, however, is purely hypo- 
thetic and of interest merely as indicating a method of approach to 
certain of the cases of occupational cram]) associated with scapular 
grating or snapping. 

Excluding these two groups, in which adequate classification is 
impossible, by far the larger percentage of cases heretofore described 
can more properly be groujoed under the three main divisions noted. 

CHANGES IN THE BONY STRUCTURE 

In the category of cases due to changes in the bony structure of the 
scapula or the ribs, a number of subgroups have been noted. The cases 
in these subgroups may be conveniently divided into those due to: 

1. The tubercle of Luschka. 

2. Abnormal curvature of the superior angle of the scapula. 

3. Exostosis of the ribs or scapula. 

4. Tumors of the ribs or scapula. 

5. Fracture of the scapula or ribs. 

6. Angulation or buckling of the ribs. 

7. Tuberculosis or s}'philis of the ribs or scapula. 

1. The tubercle of Luschka, a small bony or fibrocartilaginous ele- 
vation located on the anterior aspect of the superior angle of the scapula, 
at its largest the size of a pea, usually covered by a bursa, was first 
described by Luschka and later by' von Gruber.^'* Grtinfeld found 
the tubercle present in 7 of a series of 20 cadar^ers which were selected 
at random. This percentage, it will be noted, closely approximated the 
percentage in which he found scapular crepitus in 100 normal people 
also selected at random, and for this reason he attached great significance 
to the tubercle as a factor in the production of scapular crepitus. By 
many, the presence of this tubercle has been considered as solely 
responsible for the production of snapping of the scapula, especially 
since resection of this tubercle-bearing area resulted in cure. Heine- 
mann,^'' Volkmann. Lobenhofifer and Huguier each reported cases 
which would seem to justify’^ this belief. However, in the case which 
Griinfeld reported, cjuite the contrary appears to be definitely' estab- 
lished. In a woman 32 years old, the pain and noise persisted, e\en 
under anesthesia, despite amputation of the tubercle-bearing area, and 
were obviated only’ Iw resection of a strand of the serratus posticus, 
which was found gray and swollen. The facts in the case would tend 

13. Luscbka. quoted by Griinfeld.*’’ 

14. von Gruber: .■\rcb. f. path. Anat. 56:425, 1872. 

15. Heinemann. O. : Klin. Wclinscbr. 1:787, 1922. 

Id. Lobenboftcr: Beitr. z. klin. Chir. 83:484, 1913. 

17. Humiicr. A.: Paris chir. 2:.'568. 1910. 
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rallior lo siijijiorl ^^olkmallIl and others, wlio maintained that snap- 
])ini^ of the sca])nla was occasioned by pathologic clianges in the scapular 
musculature rather than hy the ])resence of the tubercle of Luschka. 
jastram,”’ too, noted inflamm.ation and degeneration, not only in the 
region of the tubercle, hut at some distance from it, and he expressed 
the opinion that the snapping resulted from an inequality in the elasticity 
of the muscle moving over the bursa-covered tubercle, much as a finger 
])lucking a stringed instrument, the chest acting as a resonator. In a case 
that we observed, we. too, were led to discount the significance of the 
tubercle. 

Case 3. — S. B., a man, aged 25, a pliiniber, was first seen in the outpatient 
department on March 4, 1927, complaining of pain in the region of the right 
shoulder over a period of several months. This pain was associated with a twitch- 
ing of the right shoulder and a rough grating sound on motion of the right 
scapula. There was no history of injury. The patient had been receiving baking 
and massage without any relief. 

On examination it was found that the right shoulder was V/i inches (3.77 cm.) 
higher than the left. A slight fulness was found in the suprascapular region, along 
the upper border of the scapula. There was a slight local tenderness on pressure 
over this region. There was no limitation of motion in the right shoulder joint, 
but a marked grating sound was found on downward motion of the shoulder girdle. 
The posterior edge of the deltoid on the right side was markedly prominent, and 
there was a continuous fibrillar contraction of the long head of the triceps and 
deltoid, with marked tenderness over the right trapezius muscles. The patient was 
given diathermy, roentgen therapy, salicylates, quinine and injections of urea hydro- 
chloride, without relief. 

In January, 1931, the patient still complained of needle-like pains in the lower 
cervical, upper dorsal spine, and especially between the shoulder blades. There 
was marked crepitation on motion of both scapulae. X-ray pictures showed what 
appeared to be distinct, rounded, tubercle-like thickening of the upper angle of 
the scapula. The Wassermann reaction was negative. 

When seen in May, 1932, the grating was still present, but the sound produced 
was not definitely localized to the region of the tubercle and gave the impression 
of soft tissue crepitus rather than that caused by the rubbing together of two bony 
surfaces. The patient refused operation and is still under observation. 

From what has gone before, it would appear that tliere is a marked 
divergence of opinion as to tlie real importance of the tubercle of 
Luschka. As in other controversial matters, the truth in all probability 
lies somewhere in the middle ground. Doubtless there may be some 
cases in tvhich the removal of the tubercle areas resulted in relief of 
symptoms. On the other hand, wc are supported by competent roent- 
genologic authority in the o]nnion that the tubercle exists in a far 
greater percentage of cases than the presence of .synq^toms would indi- 

18. Volkmann, J. : Klin. M'chnschr. 1:1838, 1922. 

19. J.astram, M. : Deutsche Ztschr. f. Chir. 165:309, 1921. 
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cate. .Xnd in .'^nch event, the conclu.sion naturally pre.sciit.s itself that 
the tubercle, even when pre.sent. may he f)f only coincidental signifi- 
cance. 

2. 1 he second subdivision is that in which abnormal forward bending 
of the superior marigin of the scajnda has been noted. This is apparently 
of congenital origin, though l^otheissen e.\i)ressed the opinion that it 
ma\ he due to the continuous, strong j)ull of the anterior serrate 
muscle.s. The significance of the anterior serratus muscles can easily 
be demonstrated. In cases of Sjjrengel’s rleformitv, forward bending 
of the superior border of the sca])ula is not unusual, t’Ct it is extremely 
uncommon to have true snapi)ing of the scaj^ula because of the winging 
of the scapula. In one case which we had the oj'iportunity of observing, 
this was clearly shown. 


Case 4. E. M,, a woman, aged 22, wlio was seen in November, 1929, had first 
noted^ weakness of the right slioiilder and arm tliree or four years previoush. 
^ ithin the past two or tlirec weeks she began to complain of a sensation of pain 
in the left arm and inability to abduct cither arm to a right angle. 

Examination disclosed a patient of typical acromegalic facies, with moderate 
exophthalmos. Both arms could be abducted to about 75 degrees. Both scapulae 
were high and smaller than normal, measuring only 7 inches (17.78 cm.) from 
le superior to the inferior angle, and presented a marked forward curvature o 
t e superior angles. There was a definite weakness, associated with atrophy, in the 
right hand, as compared with the left. All deep reflexes of the right e.xtremity 
were absent, but sensation w'as apparently normal. As the arms were brought to 
eir imit of abduction, a definite wdnging of the scapula, due to weakness of the 
anterior serratus muscle, became apparent. With the arms in the forwarfi position, 
ey d be readily abducted passively throughout the w'hole range of norma 
motion, but wdien the arms w'ere retracted backward, or when the scapulae were 
presse against the sides of the chest before attempting abduction, a marked snap- 
P o sound, such as is made wdien running a stick along the stakes of a picket 
. heard and felt. At one of the larger neurologic hospitals in the 

1 '^S^sis of amyotrophic lateral sclerosis w'as made. In view' of the asso 
neuro ogic condition no treatment was undertaken. 


Its case is piesented because it may serve almost as a laboratory 
experiment in elucidating the mechanics of snap production in the usut'^ 
o f I mechanism of snapping in this case is apparent- 

witlTtl^^*^ ^^’Perior, scapular margin brought firmly in contact 

latino- /h surface of the ribs, by an external pressure, simn- 

ni^jn-T,!-, .^ 1 ^ ^ rtorinal serratus anticus muscle. The same mecha- 

de Prill ■’i ^ ttssumed in the cases reported by Lotheissen, Kuttner, 
de Letile and Schoemaker - and in case 5. 


2L med. Wchnschr. 3C:S34 and 580, 1904. 

7:120, IPOt". ” Hendrix: J. de Chin et ann. Soc. beige de 

em.iker. J. ; Kederl. tijdschr. v. geneesk. 2:744, 1917. 
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Cask 5. — T. R., a girl, aged 18, was seen in the outpatient department of the 
Hospital for Joint Diseases in I'clmuary, 1932, complaining of pain radiating down 
the left shoulder. Three years previously, while running a foot race, she had 
fallen on her left shoulder and .suffered a fracture of the left clavicle, for which 
she had received inadcciuatc treatment. As a result, she was left with a malunitcd 
fracture of the outer end of the left clavicle, and since that time had noticed occa- 
sional pain in the left scapular region, with winging of the scapula. There appeared 
to be no limitation of the left shoulder in any direction. 

Examination disclosed the malunitcd fracture of the left clavicle, which, how- 
ever, was apparently entirely .syinptomless. On motion of the shoulder a definite 
snapping sound was heard and felt in the left scapular region on abduction of the 
shoulder. The left scapula could easily be heard to make two separate jumps or 
snaps, with increasing abduction of the shoulder. To our surprise, though the 
patient complained of no symptoms whatsoever, an almost identical condition was 
found in the right shoulder, to which no accident had occurred. On the left side 



Fig. 1 (case 5). — Roentgenograms, showing bilateral forward curvature of the 
superior scapular edge, with marked varus of the humeral head. 


flexion to 120 degrees, extension to 20 degrees and abduction to 90 degrees pro- 
duced the sound, while on the right side flexion to 110 degrees, abduction to 90 
degrees and even the slightest degree of extension caused the sound to become 
apparent. The etiologic factor in this case was immediately made apparent 
on a close study of x-ray pictures of both shoulders. Both showed a marked 
increase in the normal forward curvature of the superior angle of the scapula, 
with a peculiar conformation of the humeral head, which will be discussed briefly 
later (fig. 1). • 

On February 25, an oblique incision was made over the superior angle of each 
scapula, and the supraspinous portion of the scapula, from the vertebral border to 
the superior scapular notch, was resected subperiosteally. The wounds healed 
well, and motion was begun immediately after subsidence of pain. The resected 
portions of both scapulae (fig. 2) showed nothing unusual on gross and microscopic 
examination. Within a period of two weeks the patient was discharged from the 
hospital, apparently completely cured, but about two months later she returned, 
complaining of slight pain only in the right scapular region. Examination disclo.scd 
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3. The third subdivision is that in which scapular snapping is noted 
ill the presence of exostoses on the ribs or on the undersurface of the 
scapula. Some authors seem to think that there is no definitely estab- 
lished relationship between the presence of an exostosis and the develop- 
ment of scapular snapping. However, Demarquay,-^ Zieschang,"’ 
Mc^^filliams.-^ Betke, Brown,-® Goldthwaite,-" Gorres and others have 
reported cases in which removal of the portion of the scapula bearing 
the exostosis resulted in cure of the condition. The exostosis may 



Fig. 3 (case 6). — Roentgenogram, showing forward angulation of the superior 
scapular margin. 

be found either at the superior or at the inferior angle of the scapula 
and may vary in size from osteocartilaginous nodules to relatively large 
musliroom-shapecl masses. 

23. Demarquay, quoted by Kiittncr;-® quoted by Griinfeld.'"' 

24. Zieschang, Karl : Uehcr das Scapularkrachen, Leipzig, B. Georgi, 1907 ; 
quoted by .Ssoson-Jaroschewitsch. -A. J.; .Arch. f. klin. Chir. 123:378, 1923. 

2.-'. McWilliams, C. .A.: Scapular Exostosis with Adventitious Bursa, J. A. 
M. A. C3:1473 (Oct. 24) 1914. 

2d. Brown, L. T. : Boston M. & S. J. 174:652, 1916. 

27. Giildtliwaite. (pioted by Brown.-'"- 

2.'. Gorres. IL; Deutsche med. W'chnschr. 47:897, 1921. 
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-]. ]k'iiiij;ii tumors of (lie riI)S or of the scapulae do not ordinarily 
produce scajnilar sna]ipiu!^, tlioutjli l-Iabennann reported 2 cases, in 
1 of u’liicli a chondroma and in the other of which an ostcocliondronia 
were found, lllocli "" rejiorted a case in which the nature of tlie tumor 
was not stated. No cases of malij^nant tumors liave been reported as 
in'oduciiifj suaj) formation. 

5. Other causes wliich have resulted in anomalous relationships of 
the bony .structures with con.serjuent sound production have been 
observed. J^'racture of the scapula, jjroducing a snapping easily audible 
at a distance of 9 feet (274.3 cm.), was reported by Favier.^^ Gaujot 
reported a case in which a fracture of the scapula was followed by the 
formation of a large bursa. Terrillon reported a similar case in which a 
h 3 'groma, containing rice bodies, developed under the scapula following 
a fracture of the ribs. Whether these cases are to be given absolute 
credence is doubtful, since they all occurred in the preroentgen era. 

6. The association of snapping with angulation or buckling of the 
ribs, as is found in scoliosis, has been reported by Volkmann (2 cases) 
and Jacob}'. 

7. Trelat and Pere reported cases in which the snapping was 
believed to be due to syphilis. In Trelat’s case the voluminous sub- 
scapular tumor receded in size under antisyphilitic treatment. Galvagni 
reported 2 cases, Walther ^ 1 case and Lemoine another case in which 
tuberculosis was considered the underlying etiologic factor. In these 
cases, either primary caries of the ribs, with or without cold abscess 
formation, or undue prominence of the ribs as a result of secondary 
deformity of the chest has been held responsible for the sound formation. 

CHANGES IN THE MUSCULATURE 

The second main group in which scapular crepitus has been noted 
is that associated with changes in the muscles lying between the scapula 
and the I'ibs. Here, too, a number of explanations have been suggested 
by different authors. Mention has already been made of the opinion of 
Jastram as to the significance of inflammatory changes in the muscles. 
Voelcker suggested that a lesion in the muscle similar to tendonitis 
crepitans might be responsible for this type of snapping. The crepitus 
noted after operation in case 5 may in some res])ects be considered as 
substantiating this opinion. On the other hand, it must be admitted 

29. Haberniann, R. ; Berl. klin. Wclinschr. 48:612, 1911. 

30. Bloch, O., quoted bj' Jacob}-.’® 

31. Favier, H. : Gaz. d’ bop. 67:1108, 189-1. 

32. Gaujot, quoted by Kuttner:==» quoted by Husuier.'" 

33. Pere: J. d. nial. cutau. et syph. 11:133, 1899. 

34. Lemoine. in discussion of Hendrix: J. de cliir. ct ann. Soc. bclqe dc cbir. 
7:120, 1907. 

35. 3'^oelckcr, quoted by Volkmann.’® 
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that it would be extremel}' difficult to prove this hypothesis unless wide- 
spread incision and examination were made at the time of operation. 
In most cases these measures are impossible, and simple microscopic 
changes of lesser degree, in our opinion, cannot be accepted as in any 
measure satisfactor}" evidence. 

Ledentu,®® Testut and others have pointed out that not degenera- 
tive or inflammator}’' conditions, but rather anatomic variations of 
muscles, such as the anterior serratus, are to be held responsible for 
the production of sound. The}'- have observed that not uncommonly 
fasciculi of the anterior serratus muscle may be wanting and that the 
interspace between the digitations may be covered by a thin connective 
tissue la 3 'er. As a consequence of this, sounds may be produced either 
by the snapping of the free edge of one of these digitations over the 
angle of the .scapula, or by the rubbing of the uncovered scapula against 
the ribs at its inferior angle. Terrillon and Zaphiriades each reported 
a case which the}' believed bore out the former of these two suggestions, 
but since no further details are given, the cases must be accepted with 
some reservation. Terrillon reported 3 other cases in which he believed 
the latter of the two hypotheses to be effective. The observations were 
made in 3 patients in whom, following ankylosis of the shoulder, a 
marked atrophy of the scapular muscles occurred. To this both Terrillon 
and Mauclaire, who reported a similar case, attributed the production 
of sound. 

In I'egard to the former of these two hypothetic explanations, we 
are unable to express an}’ opinion, but as to the latter, it may be doubted 
on purely a priori grounds. In the first place, it must be apparent that 
when ankylosis of the shoulder had occurred, hypertrophy rather than 
atrophy of the serratus would be expected. But even if atrophy were 
present, -winging of the scapula, with a consequent absence of snap 
formation, as was shown in case 4, should be noted. In the second 
place, it would seem that with the relatively large number of ankA'Ioses 
at the shoulder, produced either artificially or accidentally, some men- 
tion would have been made of the appearance of this phenomenon by 
other authors. Since snapping of the shoulder does not ordinarily occur 
following ankylosis of the shoulder, it is our opinion that forces other 
than those suggested must be at work. 

CHANGES IX THE BURSAE 

The third main group is that in which scapular snapping has been 
attributed to the presence of normal or adventitious bursae. Morinally, 
two bursae are present beneath the scapula ; the one at the upper angle 

36. Leclcntu. quoted by Huguicr.^' 

37. Testut. quoted by Ssoson-Jaroschewitsch, A. J. ; Arcb. f. kdin. Cliir. 123: 
378, 1923. 
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(I)iirs:i imicosa ani,nil:ic su])criori.s scapulae) is situated in the depths of 
the anterior serralus inuscle, and is present about once in eveiy 8 persons 
examined. Tlie other, somewhat rarer (bursa mucosa serrata), is found 
in tlie connective tissue between tlie anterior serratus muscle and the 
up])er ])art of the lateral wall of the chest. 

Growth of these bursae, especially of the thick-walled, rice-filled 
variety, has been considered a factor in the production of scapular snap- 
]iing. Camus '■ described such a case found at autopsy, as did Galvagni 
and others. Hendrix •'** rej^orted a case in which he believed the sound 
was caused by an innammation in one of the suhscapular bursae, while 
Jacoby reported a case in which the x-ra\' picture showed two irregular 
shadows beneath the level of the scapular spine. These he considered to 
he calcium de]Josits in the bursa subscapularis. We have seen no similar 
case. 

In the foregoing part the clinical characteristics of this condition 
have been sufficiently emphasized to recjuire no further reiteration. To 
a large extent the therapy, too, has been indicated in its general out- 
lines. It may, however, be advisable to review briefly the procedures 
which have been recommended in the treatment of this condition. Both 
surgical and nonsurgical procedures have been described. In general 
conservative measures have been of value only in those cases in which 
changes in the soft structures were suspected. Terrillon obviated the 
symptoms in one of his patients by the fashioning of a brace designed 
to limit the motion of the scapula without interfering with the function 
of the shoulder. In another case he drained the subscapular bursa, 
with subsequent infection and death. No autopsy was obtained. In 
some cases, simple counterirritation, as by vesication in the case reported 
by Galvagni, has given satisfactory results. In other cases physical 
therapy and massage have been of value. Mauclairc performed a 
muscle plastic, by reflecting a quadrangular flap of the rhomboids or 
of the trapezius and suturing it to the undersurface of the scapula, 
where it was presumed to act as a cushion, protecting against abnormal 
rubbing of the scapula against the wall of the chest. Though this 
procedure seems to have given satisfactor}' results in several cases, it 
has been criticized by others on the ground that the reflected muscle 
flap promptl}" deteriorated and was replaced by a thin, atrophic layer 
of connective tissue, which defeated the original pur])ose of the o])cra- 
tion. Where there have been definitely demonstrable 1)0113- changes, 
an effort has been made to remove the cause of operation. In some 
cases the superior and in other cases the inferior angle of the scapula 
has been resected. In our case and in several others reported in the 


38. Hendrix: J. de cliir. ct aim. Soc. beige de cliir. 7:120, 1907. 
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literature the upper margin of the scaj)ula was amputated, while in 
still others angulatcd ]3ortions of ril)s or scaj)ula were removed, with 
some success. 

SUMMARY OF SXArriXG SCAPULA 

An unusual syndrome has been described, tlie chief feature of 
which is the production of a snajjjn’ng sound on motion of the scapula. 
The etiology is varied. For the most part, only conservative treatment 
need be instituted, but when there are definite bony changes, as, for 
example, excessive forward' bending of the scapula and exostosis, sur- 
gical removal of the ofifending part should be undertaken. 

HU.MERUS VARUS 

During the course of the roentgenographic examination in case 5 
we were struck by the peculiar conformation of the head of both 
humeri. Figure 1 shows quite characteristicall_\- the extreme down- 
ward bending of the head of the humerus, analogous to the condition 
found more commonly in coxa vara. The head appeared in no way 
malformed, but the glenoid appeared to be definitely smaller than 
normal and to project outward like a nipple. The neck appeared 
markedly shorter and its angle with the head and shaft of the humerus 
much decreased. The plane of the anatomic neck, instead of being 
oblique, became almost vertical, and. on the left side, the level of the 
upper edge of the great tuberosity was definitely higher than the head 
of the humerus. There was no evidence, either clinically or roentgeno- 
logically, of any interference in the motions of the shoulder joint. 
Roentgen examination of other parts of the bony skeleton revealed no 
similar lesion, and we believe we are justified in excluding an}' sys- 
temic condition such as rachitis or achondroplasia. 

This condition has been called humerus A-arus and was first 
described by Riedinger in 1900. Since then a number of articles on 
the subject have appeared in the Swiss and Italian literature, but 
nothing at all as yet in the English literature. Humerus Amarus in 
general is characterized by a high position of both the great tuberosities 
in relation to the head of the humerus, by a diminution in the radius 
of the curvature of the humerus, by a change in the angle of the neck, 
by a shalloAvness in the depression normally found betAveen the head 
and the anatomic neck of the humerus and by the more vertical posi- 
tion of the anatomic neck of the humerus. In the feAv cases Avhich haA'C 
been examined pathologically (Bircher), the humerus shoAA-ed an 
absence of its normal structure, the spongiosa being narroAv and irregu- 
lar. and the marrOAv presenting a peculiar foamy consistency. 

.o9. Riedinger. J. : Deutsche Ztschr. f. Chir. 54:563, 1900; Kongr. d. deutsch. 
Gesellsch. f. orthop. Chir. 3:317, 1909. 
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Xicotra."' wIiom- nrlicli- presents an excellent bibliography on the 
subject, divided bninerns varns into two [groups, false bunierns varus 
and true lunnerus varus. 

b'.alse bunierns varus may be due to a number of factors, such as 
fracture of the anatomic or surfjical neck of the humerus. Some have 
considered that this tyjie should be characterized by a special desig- 
nation. such as humerus varns adductus. Other cases have been 
rejiorted in which humerus varns has been noted in arthritis and in 
tumor formation, with conse(|uenl maiacia of the hone, and Riedinger 
rejiorted a case in which a humerus varns of 100 degrees was found in 
a case of ankylosis of the elbow. 'I'his varus develojuuent Riedinger 
considered as being an adajitive mechanism to accommodate for the 
ankylosis of the elbow. In general, this tyjie of varus causes an inter- 
ference with motion of the shoulder joint, compatible with its under- 
lying pathologic changes. Little attention has been focused on it. 

Nicotra has subdivided true humerus varus into two main types : 
humerus varus dystrojihicus and humerus varus adolescentium (cysti- 
cum). In the former, or dystrojihic, grouj) may he jilaced the type of 
varus seen in rickets (Riedinger). in cretinism and in chondrodystrophy 
(Bircher). In these cases the varus deformity is, of course, secondary 
to general dystrophic changes in the skeleton. Bircher has described 
several anatomic sjiecimens obtained from cretins, in which he noted 
flattening of the head, a reduction in the angle of inclination of the neck 
of between 20 and 40 degrees, a decrease in the directional angle of the 
neck of the humerus, a decrease in the radius of the curvatuie of the 
head, an elevation of both greater and lesser tuberosities of the humerus 
and an inward torsion of the upjier part of the shaft of the humeius. 
No characteristic changes have been noted in the glenoid cavity, though 
in 1 case Haumann described changes similar to those seen in 
epiphysitis. The muscular insertions, especially the cristae of the 
intertuberculous sulcus, are prominently developed. The changes 
observed in the cretin have also been seen in microcejihalic dwarfs, 
in achondroplasia and, occasionally, it has been said, in rickets. Some 
have considered the changes as a reversion to type, such as is usually 
seen in anthropoid apes and in human embryos. Bircher has attributed 
them to the general dvstrophic changes with late walking and conse- 
quently jirolonged creeping during infancy. As a result of this, the 
weight of the trunk on the arms and the excessive pull of the deltoid 
have been thought to lead to humerus varus. The condition is symjitom- 
less, produces no limitation of motion, gives no discrepancy in the 
relative length of the arm and requires no treatment. 

*40. Nicotra, A.: CHn. ebir. 33:914, 1930. 

41. Bircher. E.: Deutsche Ztschr. f. Chir. 96:598. 1908; Fortschr, a. d. Gch. 
d. Rontgenstrahlen 16:325, 1911. 

42. Haumann, W. : Beitr. 7 .. klin. Qiir. 140:130, 1927. 
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Humerus varus adolescentium (cysticuiu). on the other hand, is an 
unusual clinical cntit\-, originally described by Stropeni and subse- 
quently by Nicotra. It usually occurs in the second decade of life and 
is characterized by a])])arent subluxation of the head. There is definite 
limitation of abduction, with shortening of the arm. even up to 8 or 

10 cm. Pain may or may not l)e ju'csent. The x-ray ])ictures arc dis- 
tinctive, and since no pathologic material is at hand, they afford the 
only means of etiologic interpretation. The varus occurs in the surgical 
neck, at the junction of the metaphysis and diaph_\-sis. The epiphyseal 
line may show early consolidation. The diaphysis at its u])permost part 
is much thinned and usually contains on its medial aspect what is inter- 
preted as a solitary cyst, through which ])athologic fracture may occur. 
The head of the humerus, slightly reduced in size, but otherwise normal, 
fits within the deepened groove or dej:)ression (insaccatura) made by 
the cyst. There is a displacement of both tuberosities upward, with a 
marked decrease in the angle of inclination, even up to 50 degrees. To 
a lesser extent there is a change in the directional angle, but torsion of 
the humerus is not evident. 

Nicotra noted that humerus varus adolescentium is observed only 
in cases of this solitary type of cyst, and never in cases of multiple 
cysts of the humerus. The explanation adduced by Nicotra is ingenious; 
it still needs confirmation. Seift'ert,'*^ on the other hand, described a 
case which falls in this group, but he attributed it to a questionable 
injuiy sustained at birth. 

The number of cases thus far described is small, not more than 

11 having been noted. Except when there is a definite limit of abduc- 
tion at the shoulder, no treatment is necessary. Anglesio is the only 
one who until now has attempted osteotom\- of the upper part of the 
humerus for the purpose of correction of the varus deformitv. 

The case which we reported (case 5) does not seem to fit into any 
of the classifications previously mentioned, and we have the feeling that 
it belongs in the group which ma}- be termed congenital humerus varus. 
Such a classification has previously been suggested, but no case has 
heretofore been described. We have no doubt that were closer attention 
to be paid to the variation in the angle of the neck of the humerus, 
numerous similar cases might be brought to light. Since practically 
the only means of diagnosis in these cases is by the x-rays, some atten- 
tion should be paid to the technic of taking x-ray pictures. Kohler 
noted that in the prone position varus of the humerus may be simulated, 
even in the normal arm. For the purpose of obviating these difficulties, 

43. Stropeni, L. : Chir. d. org. di movimento 12:531, 1928. 

44. Seiffert, J. L. : Fortsclir. a. d. Geb. d. Rontgenstrahlen 43:620, 1931. 

45. Anglesio, B. : Arch, di ortop. 46:417, 1930. 

46. Kohler, Alban : RontgenologA-, translated from the German by Arthur 
Turnbull, New York, William Wood & Company, 1928, p. 72. 
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I’roisscr sui^s^cstcd tlial llic x-ray i)ictiirc be taken with the arm 
externally rotated and somewhat abducted. No treatment is, of course, 
necessary in this tyj^e of case, since usually no symptoms exist. 

ADDENDUM 

We have recently been fortunate in being able to reexamine a patient 
sviffering from Gaucher’s disease in whom marked changes in the skeletal 
system were observed. Since this is the first, if not the only, case in 
which a humerus varus has been observed in Gaucher’s splenomegaly, 
we feel justified in briefly ])resenting the x-ray photographs taken in 
this case. 



Fig. 4. — A, roentgenogram taken in 1927 ; B, one taken in 1932. 


A fairly complete discussion of the bone changes was previously 
published,^® and the reader is referred to that article for the more 
intimate details of the patient’s condition. For purposes of comparison, 
the x-ray photograph of the findings observed in the right shoulder 
in 1927 is herewith reproduced (fig. 4 A). Ajiart from the character- 
istically mottled appearance of the bone, it will be observed that the 
angle of the neck of the humerus is quite normal. If the x-ray jjhoto- 
graph of the patient’s shoulder made in 1932 is exaininc<l (fig. 4 />). it 
will be seen that the angle of the neck is markedly decreased, so that 
this patient has a true humerus varus. 

47. Preisscr, G. : Fortschr. a. d. Geb. d. Rdntgcnftrahlcn 12:3, 1908. 

48. Milch, H., and Poincranz. M. : Bone Changes in Gaiicher'.s S])lcnoiiK'galy, 
Ann. Surg. 89:552 (.-Xprin 1929. 
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As was previously noted, Bircher attributed the development of 
humerus varus in the rachitic cases which he examined to a prolonged 
period of creeping. However, in this case this factor can he completely 
eliminated as part of the causative mechanism of the humerus varus. 
It must he presumed, then, that the distorting forces are to he found 
in the muscles of the shoulder joint acting on a neck in which the 
normal tensile strength had been reduced as a result of the displacement 
of osseous tissue by an infiltration of Gaucher’s cells. 
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Opinions still differ regarding the effects of surgical removal of the 
gallbladder on the rest of the biliary system. The clinical importance 
of this matter urged us to a reinvestigation. It soon became evident, 
however, that the problem was too complex to be considered as a whole, 
and for that reason we chose to confine our investigation in the dog to 
merely one phase, namely, the morphologic. 

In reviewing the literature, we learned that cholecystectom}' is an 
operation three hundred years old. It was first performed on a dog 
m 1630 by the Italian Zambeccari. The first cholecystectomy on man 
was performed by Langenbuch in the “Lazaruskrankenhaus” of Berlin 
on July 15, 1882. The history of cholecystectomy is vividly presented, 
and the views regarding the effects of such a procedure are criticall}' 
reviewed in Rost’s - paper of 1913. The problem has since been 
approached experimentally by a number of in^'estigators, notaljl}’ by 
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1. Langenbuch, C. : Chirurgic der Leber und Gallenblase, Stuttgart, Ferdinand 
Enke, 1894 and 1897. 
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anatomische Untersuchungen nach Cholecystcctomie, Mitt. a. d. Grenzgeb. d. Med. 
u. Chir. 26:710. 1913. 
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Lapenta,"' Judd and i\Iann/ Hisendratli and Dunlav\-.-' Hartman, Smyth 
and Wood,” Golirbandt," Mairano,'* Canavero,” TroitzkT and Sutton. “ 

Lapenta (1916) made a gross examination of the cxtrahepatic biliary 
.system of “about” ten dogs, from twenty to sixty days following chole- 
cystectom^^ The extraliepatic biliar}’^ ducts were dilated in all his ani- 
mals. In two the cystic stump dilated “in a bulb fashion.” 

Judd and Mann (1917) studied the effects of cholec_vstectom 3 ^ on 
the dog (also on the cat and the goat). Their conclusions, however, that 
“after removal of the gallbladder all of the ducts outside the liver 
dilate” and that “the sphincter at the entrance of the common bile duct 
into the duodenum is the chief factor in producing this dilatation” are 
not convincing!}' supported b}'^ morphologic evidence. 

Eisendrath and Dunlav}’- (1918) investigated the fate of the C 3 'Stic 
duct folloAving removal of the gallbladder in a number of dogs opened 
from one week to six months after cholec 3 'stectom 3 ^ The}" noted a 
progressive dilatation of the C 3 'stic duct. 

Hartman, Sm 3 "th and M'ood (1922) cholecvstectomized nine dogs. 
In eight of these the}" retained from 6 to 20 mm. of the cystic duct, 
and in one none. The animals were reopened from six to fourteen 
weeks later. The extrahepatic biliary ducts were somewhat dilated in 
all ; the cystic stumps, ^\•hen retained, dilated to 1 cm. in diameter and 
elongated to from 1.2 to 2.5 cm. The microscopic structure of these 
stumps resembled that of a gallbladder and showed no evidence of 
thinning or stretching. 

Gohrbandt (1927) experimented on dogs, removing the whole of 
the cystic duct at cholecystectomy in one series, retaining it in another, 
and retaining also the neck of the gallbladder in a third. In the first 
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scries of four (Io.ljs. rccxaiiiined one. two. three and four months follow- 
ing: d'u oi)er;ition. no reiteneration of the cystic duct occurred, nor was 
there any dilatation at its site. In his second series of four animals, 
a hulhlike distention of the retained C 3 ’stic duct was noted one, two, 
three, four and live months following the operation. 'J'he microscopic 
structure <if the stunt]) was that of a dilated cystic duct and not that of 
a gallbladder. In three additional dogs the same procedure was 
repeated, and with the idea of injuring the cystic stump the peritoneal 
covering of the cystic duct was stri])ped. In these animals a more 
marked dilatation of the cystic duct occurred than in the previous 
series. The distention stopped at the junction of the cj'stic duct and 
the ductus cholcdochus. In five dogs, in which the resected end of the 
CN'stic duct was proper!}' cared for, i. e., the peritoneum was closed over 
the stump, no dilatation of the cystic duct occurred. In three dogs of 
the third series, a small portion of the gallbladder rvas retained together 
with the cystic duct. These, when examined two, four and six months, 
respectively, following the cholecystectomy, showed a gallbladder about 
half the size of the original. No mention is made by Gohrbandt of any 
dilatation of the hepatic and common bile ducts following these pro- 
cedures. 

Mairano (1928) studied the biliary system of seven dogs, 12, 40, 
90, 120, 150, 240 and 390 days following cholecystectomy. He observed 
dilatation of the extrahepatic biliary ducts in all of his animals, illus- 
trating his findings with roentgenograms. The cystic duct, retained in 
two of his dogs, revealed normal microscopic structure in spite of the 
gross enlargement. 

Canavero (1928) made morphologic studies on the biliary system 
of eight dogs from fifteen days to fifteen months following cholecys- 
tectomy. In his first group of two animals, no significant gross or 
microscopic changes were noted in the extrahepatic or intrahepatic 
biliary ducts fifteen days following removal of the gallbladder. In 
his second group of three animals, thirty-five, sixty and ninety-six days 
following cholecystectomy, dilatation of the extrahepatic biliary ducts 
occurred with an increase in size of the cystic stump. The microscopic 
changes described were neither definite nor characteristic. The mor- 
phologic changes in the third group of three animals, ten. fourteen and 
sixteen months following cholecystectomy, were about the same as in 
the second group. Canavero concluded from these e.xperiments that 
the changes in the l)iliary .system occur within one month following 
removal of the gallbladder. 

Troitzky (1929) removed the gallbladders of seven dogs. Micro- 
scopic examination of the liver four months following the operation 
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showed a chronic inflammation. The cxtrahcpalic hiliary dncts were 
dilated. There was no evidence of a tendency to the formation of a 
new gallbladder. 

Sutton (1930) removed the gallbladders of eighteen dogs. From 
fifteen to seventy-seven days after this cholecystectomy he injected a 
12 per cent solution of silver gelatin through the common bile duct 
under a pressure of from 100 to ISO mm. of inerciuy and placed the 
specimens in an ice-cold 5 per cent solution of formaldehyde. The 
same procedure of injection and fi.xation was carried out in six normal 
dogs. Subsequent microscopic studies showed that in the control ani- 


Effccts of Cholccystedomy on the Exirahepalic Biliary Ducts of the Dog 





Duration of 

Appoarnnee of Extrahepatic Biliarj' Ducts at 
Close of E.xpcrimcnt 

Dog 

Sex 

Kg. 

Weeks 

Gross 

Microscopic 

Cj’stic Stump 

C-13 

§ 

1C 

1 

Xormnl 

Normal 

Not dilated 

C-H 

0 

s 

I 

Xornial 

Normal 


C-7 

d 

s 

2 

Normal 

Normal 

Not dilated 

C-S 

e 

10 

2 

Dilated 

Dilated 

Not dilated 

C-10 

cT 

12 

o 

o 

Dilated 

Dilated 


C-9 

cT 

17 

4 

Normal 

Normal 

Not dilated 

c-ie 

cT 

s 

4 

Normal 

Normal 

Not dilated 

0-11 

cT 

1.3 

5 

Normal 

Normal 

Not dilated 

0-12 

d 

10 

o 

Dilated 

Normal 


0-17 

d 

0 

c 

Dilated 

Dilated 

Dilated 

0-lS 

d 

s 

G 

Normal 

Normal 

Not dilated 

0-19 

9 

9 

S 

Normal 

Normal 

Not dilated 

0-20 

d 

10 

s 

Normal 

Normal 

Not dilated 

C-3 

9 

S 

10 

Normal 

Normal 

Not dilated 

0-S 

d 

14 

10 

Dilated 

Dilated 

Not dilated 

0-4 

9 

1.3 

11 

Dilated 

Normal 

Not dilated 

0-3 

d 

1C 

12 

Dilated 

Normal 

Not dilated 

0-21 

9 

9 

12 

Dilated 

Normal 

Not dilated 

C-1 

d 

10 

IG 

Normal 

Normal 

Not dilated 

C-22 

d 

12 

IG 

Dilated 

Dilated 


0-23 

9 

7 

20 

Dilated 

Dilated 

Dilated 

0-24 

d 

10 

20 

Dilated 

Dilated 

Dilated 

0-25 

d 

0 


Dilated 

Dilated 

Not dilated 

0-2G 

d 

10 

23 

Dilated 

Dilated 

Dilated 


mals a cuboidal epithelium lined the intrahepatic biliary ducts and a 
high columnar epithelium the mucosa of the gallbladder. Fifteen days 
following the removal of the gallbladder, in the intrahepatic biliary 
ducts, “the surface of the epithelium was irregular ; new cells pro- 
jected into the lumen,” and “there was apparent bud formation.” From 
fort}'^ to seventy-seven daj’^s following cholec)^stectomy, “numerous 
mucous folds and rdlli of varying sizes were seen projecting into the 
lumen of the ducts.” and a “change of the epithelial cells from the 
cuboidal type, with no real resemblance to the gallbladder cells, to high 
columnar cells” which “approached the morphologic appearance of the 
epithelial cells of the gallbladder” occurred. 

Our investigations were concerned with the morphologic appearance, 
gross and microscopic, of the biliarv system of the dog subsequent to 
surgical removal of the gallbladder. 



Fig. 1.- 
cholecystcct 
noted. 


Fig. 2.- 
wceks foil 
markedly d 
in the int: 
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METHOD 

From t\vcnt 3 --foiir npijarcnll.v licalth.v dogs, wcigliiiig Ijctwccii 7 and 17 Kg., 
the gallbladders were removed Iw dividing the c,vstic duct as close to the ductus 
cholcdochus as was practicable. Suhscqucntly the gallbladders were c.vamincd 
grossly and microscoi)icall.v. The condition of the liver and the e.xtrahcpatic 
biliary ducts was noted at the time of removal of the gallbladder. From one to 
twenU’-three weeks following the cholecj-stectonn- a second Ispnrotoiny was per- 
formed, and the gross appearance of the liver and the e.xtrahepatic biliary ducts 
again noted ; then the entire s\’stcm was removed and fi.Kcd /;/ /o/o. Subsequcntl.v, 
the whole of the extrahepatic biliar,v ducts was divided ijito blocks of from 1 to 2 
cm. in length and embedded in celloidin. In each case, sections were prepared from 



Fig. 3. — Section of the liver of a dog (C-6) ten weeks following cholcc 3 "stcc- 
tomy ; X 85. Although the extrahepatic biliary ducts show marked dilatation 
(see fig. 2), gross and microscopic, no ijcrtinent changes are noted in the 
parench 3 mia of the liver. A medium-sized intrahepatic duct seen in longitudinal 
section is not dilated; its lumen is lined with tall columnar epithelium; there arc 
no signs of budding or epithelial proliferation. 

every block and from portions of various parts of the liver and stained with 
hematoxylin-eosin and iron-hematox 3 'lin and b 3 ’ the method of van Gieson. 

MORPHOLOGIC OIISERVATJOXS 

In all of the twenty-four clogs used in these experiments, the biliary 
system appeared normal grossK' at the time of the cholecystectomy and 
the gallbladders removed showed no gross or micro.scopic changes. 
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I'irsl Grotil'.—ln tin's i^roiip of eleven tloii,>'s, the hiliar}' systems were 
removed between the first and sixth week following the cholecystectoni}- 
(table). The extrahepatic biliary ducts apjicared grossly distended at 
the close of the ex])erinient in four of the eleven dogs. Microscopically, 
however, in only three were the folds of the mucosa low or missing and 
the lining epithelium flattened in places. In none of the remaining 
eight dogs was there any microscopic evidence of undue dilatation of 
the ducts, for in all the muco.sa was thrown into folds and lined by a 


Fig. 4. — Section of a small hepatic duct at the porta hepatis of a dog (C-26) 
twenty-three weeks following cholecystectomy ; X 45. The tall columnar epithe- 
lium lining the lumen is flattened, the folds of the mucosa arc few and low, and 
the indentations arc shallow. 


single row of tall columnar ei>itheliuin. No pertinent changes were 
noted in the parenchyma of the liver or in the intrahepatic biliary ducts. 

Second Group . — In this group of seven dogs, the biliary systems 
were removed between the eighth and twelfth week following the chole- 
cystectomy (table). The extrahepatic biliary ducts aj^peared grossly 
distended at the close of the experiment in four of the seven dogs, 
only one of which, however, e.xhibited micrnscojiic evidence of a dilata- 
tion such as lowering or absence of the folds of the mucti.-a and occa- 



Fig. 5. — Cross-section of the ductus cholcdochus of a dog (C-7) from near the 
junction of the cystic and hepatic ducts two weeks following cholecystectomy; 
X 25. There is no evidence of dilatation of the duct : The lumen is well shaped and 
lined with a single row of tall columnar epithelium; folds project into the lumen; 
indentations of the mucosa are frequent. Epithelial-lined lumina in the wall are 
numerous. i 



Fig. 6. — Cross-section of the ductus cholcdochus of a dog (C-8) two weeks 
following cholecystectomy : X 25. There is marked dilatation of the ductus chole- 
doclms: The lining epithelium is flattened in places; the folds of the muco.sa arc 
low or ah.sent; the indentations are shallow. Epithelial-lined lumina in the wall arc 
frccpicnt. 
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sional natlcniiij^ of the cpillicliiiiii. No changes were noted in 

the parenchyma of tlic liver or in the intrahepatic biliary ducts (figs. 
1 to 3). 

Third Groii /'. — In this group of six dogs, the biliary systems were 
removed between the sixteenth and twenty-third week following chole- 
cystectomy. In all hut one of these animals the extrahepatic biliary 
ducts ai)peared grossly distended at the close of the experiment and 
exhibited some microscopic evidence of dilatation. The parenchyma of 
the liver and the intrahepatic hiliaiy ducts disclosed no pertinent micro- 
scopic changes. 



Fig. 7. — Cross-section of the ductus cholcdochus of a dog (C-25) just pro.Kiinal 
to its intramural portion twenty-three weeks following cholecystectomy ; X' 25. 
The absence of muscle fibers in the wall of the ductus choledochus is conspicuous. 
The folds of the mucosa are few, the indentations shallow. Numerous epithelial- 
lined lumina are seen in the mucosa, but no glands. The lining epithelium is tall, 
columnar and slightly flattened in places. 

It should he restated that in none of the twenty-four dogs were 
there any pertinent changes in the parenchyma of the liver or gross 
or microscopic evidence of a dilatation of the intrahepatic biliary ducts 
following cholecystectomy (fig. 3). The lumina of the stnall and 
middle-sized biliary ducts were open and lined by a single row of low 
columnar epithelium. While the mucosa of these ducts was void of 
folds, the large intrahej^iatic ducts showed slight elevations and shallow 
indentations of the mucosa. 








r>ssr^ 




Vf 








Fig. 8. — Cross-section of the intramural portion of the ductus choledochus of 
a dog (C-26) twenty-three weeks following cholecystectomy; X 14. The longi- 
tudinal laj'er of the muscular coat of the duodenum is seen to be split in order to 
admit the ductus choledochus. No muscle fibers are seen in the wall of the duct 
opposite the duodenum. 






Fig. 9. — Terminal end of the ductus choledochus of a dog (C-25) twenty-three 
weeks following cholecystectom)' ; X 14. The duct is seen passing through the 
circular layer of the muscular coat of the duodenum. The isolated muscle bundles 
scattered about the externa! layer of the wall of the ductus choledochus appear to 
be part of the circular layer of the duodenal wall, the muscle bundles of which ha\e 
separated and changed their course in order to admit the duct. 
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Of the extrahcpalic biliary ducts, particular attention was paid to 
the cystic stump, of which sections were obtained in twenty of the 
twenty-four dogs. In only four of these was there any definite evi- 
dence of dilatation (table). Such changes were always associated 
with dilatation of the rest of the extrahepatic biliary ducts and did not 
occur without such. 

In all the extrahepatic hiliar}' ducts there were frequent outpouch- 
ings of the mucosa toward the external layers (fig. 5). Occasionally 
some of these outpouchings ajjpeared as round or oblong lumina lined 
by a single row of low columnar epithelium the cells of which had a 



Fig. 10. — Section through the papilla of Vater of a dog (C-7) two weeks fol- 
lowing cholecystectomy ; X 14. The lumen of the ductus cholcdochus is seen to 
merge with the lumen of the duodenum. The muscle fibers in the wall of the duct 
arc scanty and irregularly distributed. 

lightly staining cj'toplasm and a flat nucleus ; apparentl}’ they were 
mucous glands. The number of the cpithelial-hned lumina in the wall 
of the ducts varied considerably in diflferent dogs and in various jiarts 
of the tract of the same dog. No increase in size or number of these 
outpouchings or of the folds was noted in the series examined, nor 
was there any evidence of budding of the folds or proliferation of the 
surface epithelium. External to the thin tunica propria mucosae the 
wall of the medium-sized and large intrahepatic and also the extra- 
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hepatic biliary ducts was seen to be composed of a dense layer of con- 
nective tissue rich in ftbers arranged more or less circularly. 

The wall of all the biliaiy ducts was noted to be void of muscle 
fibers (figs. 4 to 7). In the wall of the terminal portion of the ductus 
cboledochus scattered bundles of muscle fibers were noted occasionally, 
but not until the duct bad actually reached the duodenum (figs. 8 to 
10). The course and arrangement of the muscle bundles in sections 
across the intramural portion of the ductus cboledochus left some doubt 
as to the existence of an anatomic sphincter of Oddi in the dog. 

COMMENT 

The effects of the cholecystectomy, it seems, must primarily depend 
on the preoperative working condition of the biliaiy S 3 ’^stem and also 
on individual anatomic variations regarding the arrangement of the 
ducts. For this reason we eliminated from our series dogs the livers 
of which appeared grossly damaged or the gallbladders of which were 
not grossly and microscopically normal. At present too little is known 
of the anatomic variations in the arrangement of the biliary ducts to 
be of use in interpreting the effects of surgical removal of the gall- 
bladder-'of the dog. While it seems logical to attribute a great deal of 
importance to the mechanism regulating the flow of bile into the duo- 
denum, it must be admitted that no exact knowledge is at hand about 
this function.^- Our morphologic observations on the intramural por- 
tion of the ductus cboledochus, which will be presented in detail else- 
where, leave us in serious doubt as to the existence of an anatomic 
sphincter of Oddi in the dog. This again helps to confuse rather than 
to explain the situation. 

In a preliminar}'^ report we presented data on twelve dogs the biliary 
S 3 ^stems of which were studied morphologicall 3 '^ from two to sixteen 
weeks after cholecystectomy.^® The results obtained in this group of 
animals seemed to warrant the conclusion that “dilatation of the extra- 
hepatic biliary ducts, if it occurs, is independent of the time elapsing 
after removal of the gallbladder.” However, the present final report 
on twent 3 '^-four dogs the biliary systems of which were studied from 
one to twent 3 '^-three weeks following cholec 3 '^stectomy does not support 
this contention. Of eighteen dogs studied between the first and twelfth 
weeks following cholec 3 fStectom 3 % onl 3 ' four (22.2 per cent) showed 
microscopic evidence of a dilatation, while identical changes were noted 
in five of six dogs (83.3 per cent) the biliary systems of which were 

12. Halpert, Bela: The Gallbladder: Its Functions and Some of Their Dis- 
turbances in the Light of Recent Investigations, Arch. Surg. 19:1037 (Dec.) 1929. 

13. Healey, Claire ; Rewbridge, A. G., and Halpert, Bela : Effects of Chole- 
cystectomj' on the Biliarj' System, Arch. Path. 9:1295 (June) 1930. 
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studied between tlie sixteenlli and tweiity-tbird weeks after cIiolec3's- 
tectoim’. Our present final studies thus indicate that the cxtrahepatic 
biliary ducts may dilate at any time subsequent to cholecystectoni}' and 
that microscopic evidence of dilatation develops about four times more 
frequently between the fourth and sixth months than in the first twelve 
weeks after removal of the j^allhladder. 

SUMMARY AND CONCLUSIONS 

The gallbladders of tu'ent}'-four apparently healthy dogs M'ere 
removed and with the rest of the hiliaiy systems were studied morpho- 
logically from one to twent3'-three weeks following cholec3'stectomy. 
The results obtained suggest the following: {a) The parenclyma of 
the liver and the intrahepatic biliar3' ducts suffer no pertinent changes 
in the first six months following surgical removal of the normal gall- 
bladder. {h) The extrahepatic hiliaiy ducts ma3’' dilate at an3’^ time 
subsequent to cholec3'stectom3' ; microscopic evidence of dilatation 
develops about four times more frequently between the fourth and 
sixth months than in the first twelve weeks following removal of the 
gallbladder. 

The variable effects of cholec3'stectoin3^ on the extrahepatic biliary 
ducts may he dependent on the preoperative working condition of the 
biliary system, on individual anatomic variations of the structure and 
the arrangement of the ducts and, finally, on the mechanism regulating 
the flow of bile into the duodenum. 

A study of the intramural portion of the ductus choledochus, in 
the present series of animals, casts serious doubt as to the existence of 
an anatomic sphincter of Oddi in the dog. 



LYMPH VESSELS IN RABBIT CARCINOMA 

WITH A NOTE ON THE NORilAL LYMPH VESSEL 
STRUCTURE OF THE TESTIS 
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BALTIMORE 

In 1908, Evans ^ published a short article on the occurrence of 
newl}" formed lymphatic vessels in malignant growths. In this paper he 
stated that important publications and hooks of reference, such as those 
of Borst,- Ribhert, Ziegler, Lubarsch-Ostertag and Thoma, failed to 
report “an}' instance in which proper lymphatic vessels were found 
growing in malignant tissue.” In fact, that statement holds good today, 
because examination of more recently published volumes, such as the 
exhaustive work of Ewing ^ on neojilastic diseases, and of the textbooks 
of AschofiV Karsner,® Sternberg ® and Adami,' has showed that they 
have nothing to add to the previous works on this subject. The textbook 
of MacCallum,® however, is an exception, because here it is stated that 
as a result of the injection experiments of Evans, it is known that 
lymphatics are abundantly present in human tumors. This work of 
Evans will be discussed later. Another exception is the textbook of 
McFarland,’’ in which it is stated that “lymphatics of neoplasms are 
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usu.’illy plfiUiful, (iflc'ii su|)oral)unclant. and ma}' l)c ]dcxifonn or 
cavernous.” 'J'liis unsupported slatcMiicnl stands, therefore, in marked 
contrast to the eonclnsions of otlier writers on this sulp'ect. For the 
l)resenl it will suffice to say that in the course of some work on the 
vital stainiu!^ of rahhit carcinoma, the occasion ])resented itself to study 
the relationship between the lymph vessels of the normal testis and of 
the carcinoma which had been transjilanted into the testicle. 

MATKKIAL AND METHODS 

Ten rabbits that had been inoculated intratesticularly with cancer 
were used for the injections. All the animals were about 6 months old. 
It was soon found, from preliminarj' injections into other animals with 
cancer, that injections could be made into the lymphatics on the surface 
of the testis at almost any time, hut that the process became more difficult 
with the increased age of the growth. Apparently, as the transverse 
diameter of the testis increased, the peritoneal covering, which forms 
the visceral layer of- the tunica vaginalis propria, also enlarged and kept 
pace with the tumor growth with the one important difference, as far 
as the lymphatics were concerned, that the tunica vaginalis was thinner 
and its lymph vessels were fewer, smaller and it was more difficult to 
make injections into them. The best specimens were obtained from 
those that had a tumor growth varying from 13 to 24 days of age. In 
four of the animals the lymph drainage was obstructed for three hours 
before the injections were made in order to distend the lymphatic system 
and thus obtain a more complete injection. The idea of distending 
lymph vessels to facilitate their injection has been of service in filling 
the l 3 anph vessels of the liver (Lee”), gallbladder (Winkenwerder '-), 
and thyroid (Rienhoff '”). It happened, however, that one of the best 
injections of the parenchymatous hanphatics (figs. 4 to 6) was one in 
which the lymph vessels had not been previously obstructed. 

India ink or a saturated solution of berlin blue was used for injec- 
tion. By means of an ordinary sj'ringe ecjuijjped with a 27 gage needle 
these substances were readih^ injected into the lymph vessels in the 
tunica vaginalis bj' direct puncture. This method was not onlv simple 
but also accurate, because to any one familiar with the injection of 
lymphatics there was no possible confusion of the lymph vessel pattern 

10. lilghnian, R. C., and Lee, F. C. : The Vital Staining of Rabbit Carcinoma, 
Bull. Johns Hopkins Hosp. 49:360. 1931. 

11. Lee, F. C. : On the Lvinph tVsscls of the Liver, Contrib Enibrvol. 15:63, 
1923. 

12. Winkenwerder. W. L. : .-t Study of the Lymphatics of the Gall-Bladder of 
the Cat. Bull. Johns Hopkins Hosp. 41:226. 1927. 

13. Rienboff, W. F., Jr.: The Lymphatic Vesseks of the Thyroid Gland in the 
Dog and in 3ran. .Arch. Surg. 23:483 (Xov.) 1931 
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with that of any other vascular system. The entire superficial lymphatic 
plexus would immediately fill and drain along large lymph vessels in 
the mesorchium. These vessels were at once recognized by the presence 
of numerous valves along their course. In five of the animals injections 
were also made into the blood vessels in order to check the effect of 
injection into the lymph system, but the lymph vessel pattern was so 
definite that in one half of the animals the vascular injection was omitted 
in order to make the study of the lymph system less complicated. • All 
the material was fixed in solution of formaldehyde. Some of the 
tissue was cleared in methylsalicylate, while other portions were sec- 
tioned as a routine procedure and stained with hematoxylin and eosin. 



Fig. 1. — For orientation. Testis of a rabbit with extensive cancer growth 
twenty days after inoculation. India ink was injected into the lymphatics on the 
surface at one area, but they did not extend into the small white cancer mass 
situated in the middle of the area into which injection was made. This small cancer 
nodule is enlarged in figure 2. Natural size. 

From all the material thus obtained three specimens tvere chosen to 
illustrate the relationship between the cancer growth and the lymph 
vessels. 

One of these specimens was derived from a rabbit each testis of 
which had been inoculated with a suspension of rabbit carcinoma in salt 
solution. Twenty days later the animal showed marked loss of weight, 
was dragging its left leg, and apparently would not have survived many 
days. It was killed with ether, and in the abdominal cavity was found 
the left testis, measuring 5 cm. long and 2 cm. in diameter, obvious!} 
the seat of a large cancer growth. The testis was irregular in shape, 
nodular, and had on its surface a small cancer nodule about 4 mm. m 
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diameter, which seemed to l)e loosely attached to the body of the testis 
(fig. I). Obviously this nodule was an isolated hit of cancer tissue 
which probably had been free at one time in the abdominal cavity, had 
attached itself to the tunica vaginalis jirojiria, and had grown inde- 
pendently of the hulk of the cancer tissue in the testis proper. Indeed, , 
it was common to see such isolated cancer nodules all over the entire 
peritoneal cavity, the omentum as a rule being most heavily laden with 
these cancer deposits, with the parietal peritoneum and diaphragm next 
in order. It was felt that this specimen would prove ideal for deter- 



Fig. 2. — Enlarged drawing of nodule shown in figure 1 to show the extensive 
lymph vessel plexus around the base of the cancer mass, but with no Ij'mph vessels 
in the cancer nodule itself. The lymph vessels have a superficial and a deep plexus 
with numerous communicating channels; X 9. 

mining what relationship the lymph vessels in the tunica of the testis 
would have to this little nodule. Accordingly, india ink was injected 
into the outer layer of the testis, and although the l 3 'mi)h vessels were 
seen to fill all about the small nodule, not even the smallest vessel on 
the surface of this little cancer mass was seen to become filled with 
the injected material. 

In figure 2 a magnification of this area is presented, and it can be 
readih' seen that large lymph vessels and sinuses, some of which are 
in a deeper layer, come to the base of the cancer nodule Iiut do not 
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send any branches into il. A curious feature of the entire plexus is 
the intricate and varied pattern of the vessels which intertwine in an 
irregular fashion, leaving clear areas, which in turn are surrounded by 
a mass of large lym]di trunks. 1'hc vessels themselves also show the 
typical character of lymjrh vessels by their frequent branching and sud- 
den changes in caliber . The general pattern of these vessels is no 
different from that seen on the surface of any testis which has no 
attached cancer nodule. Obviously the only way of determining what 
happened to the lymph vessels under the nodule was by histologic sec- 
tion. Serial sections were cut. and it was seen that the I}-mph vessels 



Fig. 3. — Cross-section of the cancer nodule shown in figures 1 and 2. It will 
be seen that the nodule is not firmly attached to the body of the testis, and that the 
lymph vessels containing the india ink are in contact with the nodule but do not 
have any branches that extend into the nodule, indicating that the neoplasm has no 
lymph channels of its own. The darker areas in the nodule are areas of cell 
degeneration and pyknosis ; X 18. 

passed underneath the nodule, even at that point at which the nodule 
was nearest the main bod}' of the tumor (fig. 3). 

Examination of this photograph shows the nodule entirely devoid 
of lymph vessels except at its attachment, where the vessels are not onl} 
few in number but are also compressed. No lymph trunks enter the 
testis underneath the nodule. In none of the serial sections was there 
the slightest evidence of lymph vessels entering the cancer nodule. The 
dark-staining areas in the cancer nodule and in the testis represent foci 
of necrosis with condensation of dark-staining nuclei, and should not 
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l)f cdiifiised witli the lymph vessels which ])hotoj^raph still hlacker 
because they cniitaiu iiulia ink. The scant blood .supply to this mass was 
derived from a few small vessels which passed through the delicate 
areolar tissue connecting the nodule to the testis. The small tumor mass 
was (piite compact, in siiite of the numerous areas of necrosis; no loose 
areolar tissue surrouudefl the blood ves.sels. It is. of cour.se, impossible 
to ])redict whether this nodule would have eventually joined the main 
carcinomatous mass of the testis, hut that an amalgamation would have 
been established seems reasonable from a consideration of the second 
specimen. 

The second si^ecimen was obtained from a rabbit that had been 
inoculated with cancer thirteen days previously. The animal contracted 
an acute respiratory infection and died suddenly; the body was still 
warm when the abdomen was opened. Both testes showed large cancer 
growths, and the left one also had a small white nodule on its free sur- 
face similar to the one just described. In this second case, however, the 
nodule was flat, and seemed more firmly attached to the testis than in 
the first case; it was also smaller. Injections of india ink were also 
made into the lymph vessels in the tunica vaginalis, and it was found 
that a large and elaborate lymphatic plexus was filled around the base 
of the nodule, but that no vessels were seen on the surface of the small 
tumor mass. In all essential points the lymph vessel pattern was the 
same about the base of the two specimens. Serial sections showed that 
although a broad base joined the tumor nodule to the testis, nevertheless 
the area through which cancer tissue was continuous from testis to 
nodule was relatively small. In fact, the fibrous tissue of the tunica 
almost formed a completely separating membrane between the cancer 
tissue of the nodule and of the testis. Again, as in the first specimen, 
none of the mass injected rvas found in any part of the cancer nodule, 
indicating that there was no continuity of the lymph vessels in the 
tunica vaginalis of the testis with any structure or spaces in the cancer 
nodule. 

Thus far all the observations indicated that there were no lymph 
vessels in the rabbit carcinoma proper. Accordingly, it was necessary 
to determine how the Ijanph vessels which were in the normal testis 
disappeared. Examination of the serial sections from the two speci- 
mens described showed that the cancer cells invaded the lymph vessels, 
proliferated inside of the lumen of these vessels, eventualh’ filled the 
lumen, and finally, by fusing with the extravascular cancer. com]Dletelv 
destroyed the walls, and with them the last vestige of the lymph vascular 
system. 

Further evidence confirming the observations just described regard- 
ing tbe absence of lym]3h vessels in rabbit carcinoma was furnisbed bv 



608 


ARCHIVES OF SURGERY 


fortunate injection into the superficial lymph plexus of the right testis 
of a rabbit that had been inoculated twenty-three days previously with 
cancer. Growth of the cancer, however, was not equal in the two 
testicles, for when the animal was killed, the right testis measured only 
45 mm. long and 7.5 mm. in diameter, whereas the left one was 55 mm. 
long with a diameter of 15 mm. In brief, the right testis was small, 
with only a moderate cancer growth in the glandular tissue, whereas the 
left one was more than four times as large. Injection into the super- 
ficial lymph vessels of the left testis did not show any penetration into 
the testis proper, but when the surface lymphatics of the right testis 
were filled, it was seen that some of the india ink went deeper into the 
body of the gland. A cross-section of the gland showed that the cancer 



Fig. 4. — Sketch of a cleared thin section of a cancer-bearing rabbit testicle 
showing the lymph vessels of the normal tissue filled with india ink and the cancer 
areas devoid of the injection. The collecting lymph vessels empty into the large 
trunks of the mediastinum testis. The proliferating cancer cells are obliterating 
the lymph vessel in their growth as is seen in the lower portion of the illustrations. 
A curious feature is the condensation of lymph vessels around one nodule. The 
marked area is shown at higher magnification in figure 5 ; X 12. 

occupied the central portion of it, and that the peripheral zone only 
had received the india ink, indicating that normal testicular tissue was 
still present near the tunica vaginalis. A thin longitudinal section of 
the testis cleared in methylsalictdate showed that the lymphatics in the 
body of the testis formed an elaborate network of vessels which were 
plexiform, with only small differences in caliber, without any large col- 
lecting trunks in the gland itself, but emptying into the large vessels on 
the surface (fig. 4). Inspection of this illustration shows several areas 
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ontivcly devoid of any injected mass, indicating the presence of cancer, 
with the adjacent normal tissue having a rich plexus of 13'mph vessels. 

The actual structvire of the lymphatics can be appreciated better 
from a stud}- of figure .'i, wliich is an enlargement of the area marked 
out in figure 4. It will he seen that the vessels form an extensive and 
elaborate jdexus consisting of small vessels with numerous irregular 
dilatations or sacculations which never exceed a certain size, and which 
are frequently found jiarallel to one another. The vessels outline a 
central area into which thev project their sharply pointed processes for 
a short distance. This central area was demonstrated by histologic sec- 
tion to he solid cancer tissue. In a like manner the other clear area 



Fig. 5. — Enlarged drawing of area marked out in figure 4. The lymph vessels 
filled with ink partlj' surround tlie cancer growth, wln’cli is devoid of these vessels 
and is represented by the clear area. It will be noted how relatively small the 
vessels are at the periphery of the cancer, indicating their compression and oblitera- 
tion by the neoplasm. The numerous enlargements and constrictions of the vessels 
are typical of a bunpliatic pattern; X •30. 

immediately above it in figure 4 was also cancer. But the intervening 
tissue containing a large number of lymph vessels was predominantl}’^ 
normal testis. 

Figure 6. taken from the upper central portion of figure 5. shows a 
section of several seminiferous tubules partly surrounded bv cancer cells 
and having numerous large h-mph vessels partlv filled with the injected 
india ink occupving most of the sjiace between them. In the upper 
portion of the illustration the cancer tissue is relativeh- less, the tubules 




610 


ARCHlVIiS OF SURGFRV 


are more distinct and the lyinjjh vessels arc correspondingly large. In 
the lower part of the figure, however, the tubules arc not onl}" coin- 
pressed but even invaded b}' the cancer. The Ij'inphatics in their tarn 
are also closed down to a small lumen because of the tumor growth, and 
it is obvious that the lymph vessels here would have been completely 
destroyed within a short time. When examined under higher magnifi- 
cation the endothelial cells of the 13'mphatics can he readily identified. 

Some of the steps in this process of invasion deserve a more detailed 
description because the usual sources of such information are from 
clinical material in which injections into the lymph vessels have not been 
made and therefore a confusion might arise as to whether the cancer 
cells were invading a lymiDh vessel or a vein. Besides, even such good 
clinical material as is pictured in Handle3'’s book on the breast does 
not present such a connected stor3'- as can be gleaned from a stud3" of 
tissue which is, first of all, being invaded b3'’ cancer, and, in the second 
place, has had injections made into its l3-jnph vessels so that the3' can 
be easil3^ identified. 

It seems that the proliferating cancer cells do not invade a l3anph 
vessel directly, but first attempt to grow around it, and then compress it. 
During this strangulation process the wall of the 13'mph vessel is 
destro3'ed at one or more points, and the cancer cells thus gain access 
to the lumen. Once inside the A'^essel, the malignant growth proliferates 
along the lines of least resistance. If there is still some lumen left at 
the point of penetration, the cancer cells will extend out as one mass to 
fill up the lumen, before they will progress along the inside of the wall 
to an3f extent. 

Growth of the cancer cells within the lumen extends simultaneousl3’' 
in two directions. Should the lumen at the point of entrv be large, 
the cancer cells will proliferate locally, forming whorls of greater or 
less size but leaving the vessel wall relative^ untouched. India ink was 
frequentty seen within the la3'ers of such whorls, indicating not onl3'’ 
the spiral arrangement of the neoplasm, but also its looseh' knit char- 
acter. Should the tymph vessel be invaded at several places about the 
same time, then the spread of the cancer will be toward the center of 
the vessel without the production of whorls, unless the vessel has an 
unusualh- large diameter. In such an instance the india ink was found 
as a thin streak in the middle of the vessel. 

The other direction in which cancer spreads is directh' down the 
center of the lymph vessel. The proliferating mass resembles much 
a finger as it is inserted into a glove, except that the cancer mass does 
not have a tendenev to touch the vessel wall, but grows forward for a 

14. Handley, S. : Cancer of the Breast and Its Operative Treatment, ed. 2, 
London, .A. Murray, 1922. 
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coini):irativcly lonj^ distance. 'J'he advancing- growth has a relatively 
hlunt tip with its cells having slightly more cytojdasm than ordinarily, 
and with nuclei situated more in the ])eriphery of the cell body. This 
central, onward growth is arrested when it meets an object, such as 
another cancer mass which has appeared independently along the course 
of the lymph vessel under consideration. At other times the tip becomes 
attached to the sides of the lymph vessel near a division of the vessel or 
near a valve. It is remarkable how a thin and delicate valve leaflet can 
temporarily impede the jirogress of the growth and guide it toward the 



Fig. 6. — Photograph of a histologic section taken vertically at the top center 
of figure 4 to show how the cancer growth, C. is compressing not only the lymph 
vessels, L.V., filled with india ink, but also the seminiferous tubules, T. Note the 
invasion by the cancer of the lymph vessel at the point, L.l'., and the delicate endo- 
thelial lining of the lymph vessels; X 130. 

center of the stream. Figure 7 shows a relatively large lymjjhatic con- 
taining india ink. with a cancer mass which has impinged on the leaflet, 
J~, and has grown along the leaflet without penetrating it. This instance 
shows well how the cancer growth follows the lines of least resistance. 

The ]ireparations which have been described in the preceding para- 
graphs also serve to convey an idea of the normal distribution of the 
lymph vessels of the testis. It is true that the lyinj)!! vessels of the 
testis have been described in detail before, the best account ])robably 
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being- that of Gerster,^'' wliose work was substantiated by Regaudd® 
Gerster, however, found it difficult to make injections into the lianph 
vessels in the testis of rabbits and stated that be could fill only those 
in the albuginea ; he was unable to visualize the lymph vessels in the body 
of the testis except from histologic preparations stained with osmic 
acid. All his specimens for injection Avere obtained from rams and 
from man. His illustrations show a close resemblance in general pattern 
to those just described for the rabbit. 

The illustrations in figures I to 3 thus also serve to give an idea of 
the normal lymphatic distriliution on the surface of the rabbit testis. It 



Fig. 7 . — Photograph of a histologic section through the tunica vaginalis of a 
rabbit’s testis, showing a lymph vessel, L, into which inclia ink was injected, being 
invaded by a cancer mass near C. It will be noted how the cancer has spread along 
the valve leaflet, F, without penetrating it; X 80. 

is true that the testis in every instance tvas tlie seat of cancer and 
therefore not a normal organ ; but since the lymph vessels on its surface 
were not infiltrated by the cancer mass which occupied the bod}" of the 
testis, it is reasonable to assume that these vessels represented in a 
measure at least the normal pattern. It must, however, be pointed out 
that the concentration of h'mph vessels about a cancer nodule as is 

15. Gerster. R. : Ueber die Lymphgcfiisse dcs Hodens, Ztschr. f. Anat. u. 
Entwcklgsgesch. 2:36, 1876. 

16. Regaud, C. : Les vaisseaux lymphatiques du testicle, Compt. rend. Soc. de 
biol. 4:6.59, 1897. 
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shown in figure 2, where unusually large vessels have united to form 
bays about the base of a tumor nodule situated on the surface of the 
testis, or the similar condensation of lymph vessels about a small cancer 
mass situated within the body of the gland as is represented by the 
small circular area in figure 4, cannot be considered normal. But when 
such areas are disregarded, and onlj' those areas are considered which 
are free of cancer, then it is reasonable to believe that the lymph vessels 
in these last named places represented the normal pattern. 

Examination of figure 4 shows numerous large lymph trunks situated 
on the posterior aspect of the testis which receive many tributaries that 
extend into the body of the testis. A higher magnification of the 
terminal portion of such a plexus, as shown in figure 5, shows a vessel 
pattern similar to that described in other parenchymatous organs such 
as the liver (Lee) and tliyroid (Rienhoff). 

In brief, from the material obtained in the study of the lymph vessels 
of the cancer-bearing testes of rabbits, some idea of the distribution and 
arrangement of these vessels in the normal testes of the animals is 
obtained. It seems that the lymph vessel pattern for the rabbit’s testis 
is similar to that of the testes of other animals. Apparently injections 
had not previously been made into the parenchymatous lymph vessels 
of the rabbit’s testis. 

COMMENT 

Probably the earliest account of lymph vessels in human tumors was 
given by Krause,^^ in 1863, in a short article which seems to have been 
overlooked b}' many who have written on the subject since that time. 
Krause made injections into tumors which were received still warm 
from the operating room. His method was to choose cancers that had 
attached themselves to the skin, and then to make injections into the 
lymph vessels of the sldn with syringe and needle. By this method he 
claimed to have filled lymph vessels in a myxoma (myxosarcoma?) of 
the vulva, a scirrhous carcinoma of the breast, two cases of medullary 
carcinoma of the breast, and a recurrent medullary carcinoma of the 
hip. His illustrations, taken from the first and last cases, show vessels 
which certainly resemble Rmph vessels. It must be pointed out, how- 
ever, that no convincing evidence is presented that the lymph vessels 
were really surrounded by cancer cells. There are no illustrations to 
show this all-important relationship. Besides, it is quite possible that the 
vessels into which injections were made were in normal tissue which 
was about to be invaded by the cancer growth. 

An important contribution to the question of whether Ivmpli vessels 
are present within malignant growths was furnished b^- Evans in 1908. 

17. Krause, W. : Ueber Lvniphgef.assc in Geschwulsten, Dcut'cbc Klin 15 - 
377, 1863. 
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He injected india ink into the distended lacteals on the surface of the 
small intestine from a patient who had died of round cel! sarcoma of the 
neck with metastases. among other regions, to the hou'cl. The mass 
injected penetrated the muscular, submucous and mucous coats. Cleared 
specimens showed an extensi^•e lymjdiatic plexus within a small tumor 
mass situated wholl}' in the mucosa. Microscopic sections of the tumor 
nodule demonstrated the mass injected to be within endothelial-lined 
spaces. 

This report of Evans is probably the best that can be found in the 
literature on this subject at the present time. It is remarkable to find 
that the sarcoma cells did not compress the lymph vessels, but actually 
promoted their growth. It would have been interesting to have had 
more sections through the sarcoma nodule in order to see what blood 
supply was being furnished, because it is reasonable to suppose that 
wherever blood vessels find their way in soft tissues, they will always 
be surrounded b}'’ some areolar tissue, and it is therefore possible to 
have Ijanph vessels accompanying the blood vessels into a tumor. It 
is furthermore remarkable to note that in his figure 1 several of the 
small h-mph radicles in the tumor actually extend to the outermost por- 
tion of the tumor ; ordinaril}'^ lymph vessels never are found so near to 
the lumen of the bowel. 

It must also be pointed out that Evans has not given a convincing 
account of the tumor with reference to its lymph vessels in so far as he 
has made out a clear case for the proposition that the tumor has replaced 
normal tissue and that the injected lymph vessels are newly formed in 
the tumor and were not originally situated in the tissue, being only dis- 
torted and dislocated by the neoplasm (MacCallum ’*). Furthermore, 
in his figure 2, the so-called proliferating endothelial cell may possibly 
be viewed as one that is being compressed b}’ the tumor growth rather 
than a cell that is working its way into a mass of sarcoma cells. 

Besides, there is also the possibility that an inflammator\" process 
might have been part of the mass, particular^ in view of the limited 
description of the cytolog}’ of this tumor and its close pro.ximit}’ to the 
lumen of the bowel. On this basis, following the work of Coffin,^" 
it is reasonable to consider some of the h-inphatics as being in granu- 
lation tissue. 

It is possible, however, that a great difference e.xists between tlie 
relationship of l}-mph A-essels in human sarcoma and in the carcinoma 
of the rabbit. Perhaps the nature of the growth alone is responsible 
for this variation. The chief points that indicate tliat there are no 
Ivmph vessels within rabbit carcinoma are these : In the first place, the 

18. ^[acCaII^Inl. \V. G.: Personal coninuinication. 

19. Coffin. T. H.: On tlie Growth of Lymphatics in Granulation Tissue, Bull- 
Johns Hopkins Hosp. 17:227, 1906. 
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siiL'cimcn clescrihcd in ligures 1 to 3 demonstrates that if lymph A^essels 
were present in the nodnle, the onh' means of pouring their contents 
into other lymphatics and thus establishing drainage must necessarily 
have been through the lymphatics on the surface of the testis where the 
cancer nodule was attached. And even though lymph vessels were 
demonstrated at the base of the nodule, there were no extensions of 
these vessels, or communications with these vessels, within the small 
tumor mass itself. It might he argued that the isolated bit of cancer 
tissue which later formed the nodule al.so contained lymphatic endo- 
thelium. and that as the nodule grew the lymphatic system increased 

likewise. But even if this were true, no avenue for the escape of the 
lymph would have been demonstrated. It seems unlikely that any single 

vessel, much less any group of vessels, could have ar'oided the rich 

plexus of lymph vessels which were outlined in the tunica vaginalis. 
Furthermore, the cancer nodule was compact, with no spaces which 
might be taken for lymph vessels, and with the characteristic poor blood 
suppl}' which was derived from the testis, and along the vessels of 
which no possible spaces for lymph vessels were seen. 

In the second place, the rabbit cancer cells penetrated the lymph 
A^essels and entirely supplanted them. Not only were lymph vessels 
destroyed, but all normal tissue disa])peared. and in its place there 
developed a mass of cancer cells which extended beyond the ordinary 
confines of the normal tissue. Now, the only possible wa}’ for the 
cancer growth to get a lymph system would be to have these vessels 
follow in the Avake of the cancer growth, and at all e\’ents such lymph 
A^essels must communicate Avith those on the surface in order to have 
any drainage at all. But no such lymjdi vessels Avere seen in the tumor 
Avhen injection Avas made into superficial A-essels. There is still a possi- 
bility that the proliferating cancer cells in their groAvth might sjiare a 
fcAv ATSsels and thus leaA-e a skeleton lymj)h sA'stem for the tumor: hoAv- 
ever, examination of the sections shoAved conclusiA^ely that the cancer 
cells destroyed all tissue that AA’as in the Avay of its groAvth. The only 
time that lymph vessels Avere seen about cancer cells Avas Avhen there 
Avas normal tissue at hand, and the lymph A’essels Avere found in this 
normal tissue. 

The most pertinent article on the subject under discussion is In- 
Goldmann, Avritten in 1911. Being interested in the biology of neo- 
plasms. particularly from the ])oint of vienv of their blood and lymph 
supply, he made numerous A-ascular injections of mouse carcinoma trans- 
planted into the ]jeritoncum of animals of this same s[)ccies. He aa-.as 
able to shoAv conclusively that a tumor mass Avhich had attached itself 
to the serous surface of the intestine received an e.xtensive blnofl su])j)]y 
from the boAvel. but in no instance Avere any lymph ve.-sels seen to 
e.xtcnd from the ItoAvel Avail to the tumor mass. Ink Avas injectefl into 
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the lymph vessels of the bowel with a fine needle and a syringe. Injec- 
tion was made onl}’’ into the submucosa because this layer is apparently 
the only one in the intestinal wall of the mouse that has a lymph plexus. 
These observations of Goldmann are in absolute agreement with those 
reported herewith on rabbit carcinoma. One interesting point of differ- 
ence, however, must l)e mentioned. In the mouse, the lymphatic plexus 
nearest the cancer was separated b}' two layers, the muscular and 
serous coats, whereas in the rabbit the cancer mass was situated directly 
on the serous coat into the lymph vessels of which injection was made. 
Apparently even the greater proximit}' of 13'mph vessels and cancer did 
not facilitate any l)miphatic extension into the carcinoma. 

SUMMARY AND CONCLUSION 

India ink was injected into cancer-bearing testes from ten rabbits in 
order to determine the relationship between the lymph vessels of the 
testis and of the cancer mass. In no instance were l3anphatics found 
in the cancer mass. Incidental!3'’, the 13'mph supply of the normal testis 
of the rabbit was observed and briefl3' described. Examination of the 
literature makes it doubtful whether 3113' true newl3' formed 13'mph 
vessels were ever observed in cancer tissue. In conclusion, it may he 
stated that transplantable rabbit carcinoma does not have any J3'mph 
vessels. 



RECONSTRUCTION OF A CONJUNCTIVAL SAC 
WITH THIERSCH GRAFTS 

D. At. GLOVER, M.D. 

AND 

M. W. JACOBY, M.D. 

CLF.VELAND 

The epithelial inlay graft described Esser ^ and developed exten- 
sively hy Gillies - has man}' useful applications in plastic surgery. We 
applied the method successfully in reconstructing a conjunctival sac 
which was completely destroyed b}' a cbemical burn. 

REPORT OF A CASE 

The patient who presented this unusual plastic problem was a man of 37, a 
plumber, whose previous history was not significant. He was injured on March 
13, 1929, when some alkaline drain compound was thrown in his face, and he was 
admitted to St. Luke’s Hospital on that date. Physical e.Namination showed nothing 
of importance e.xcept for superficial second degree burns scattered over the face, 
neck and upper part of the chest, hyperemia and edema of the tongue and mucous 
membranes of the mouth, marked chemosis of the right eye, some haziness of the 
cornea and marked edema of the lids. There was moderate injection of the con- 
junctivae of the left eye. 

The hyperemia of the mouth cleared up in three or four days with frequent 
irrigations with salt solution, and the superficial skin burns treated with S per cent 
tannic acid jelly were clearing up rapidly when the patient was discharged from 
the hospital on March 19, si.x days after his injury. The burn of the right eye, 
however, was a serious one with involvement of the ciliar}' body to such an extent 
that the corneal circulation was impaired, with resulting necrosis of the latter and 
destruction of the anterior chamber. Enucleation of the eye was advised, but for 
several weeks the patient refused to have this done. He finally consented and was 
admitted to the ophthalmologic service on April 18. Enucleation was done under 
gas-oxj'gen anesthesia on the following day (Dr. Jacoby), and a glass globe was 
implanted in the orbit. The conjunctivac were found to be almost completely 
destroyed, and the eyeball was dissected from a mass of freely bleeding granula- 
tions. The patient was again discharged from the hospital on April 25, si.x days 
after the enucleation. In spite of the low grade infection present, the sutures in 
the bulbar fascia held and the glass globe was fortunately retained. Since the 
conjunctival sac was completely destroyed, the cj-elids soon became adherent tightly 
to the bulbar fascia over the glass globe and to each other. 

From the Departments of Surgery and Ophthalmology, St. Luke's Hospital. 

1. Esser, J. F. : Plastic Surgery of Face, Ann. Surg. 65:297 (March) 1917. 

2. Gillies, H. D, : Plastic Surgery of the Face, New York, O.xford University 
Press, 1920. 
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At this juncture, tlic condition of the injured orbit was rouglil}’ that depicted 
in figure 1. (Unfortunately no photograph was taken at this time.) The lids 
were tiglitly sealed together and depressed in an uusiglitly manner. It was decided 
to attempt to reconstruct the conjunctival sac b}' a rnodification of the Esser inlay 
method to enable the patient to wear an artificial eye. 

The patient was readmitted to the hospital on June 7 for this operation, which 
was done the following day under nerve block with procaine hydrochloride (Dr. 
Glover). First the margins of the lids were dissected free and the unclerljdng scar 
tissue was removed, undermining the lids nearly to the orbital margin. A mold 
of steriliaed dental composition, softened in hot water, was then fashioned to fit 
snugly in the pocket formed under the lids (fig. 2). The cavity was then packed 
with gauze wet with hot salt solution to control the bleeding, while a thin Thiersch 
graft was cut from the inner aspect of the arm where the skin is thinnest and of 
finest texture. (We prefer a long, narrow-bladed amputation knife for cutting 
these grafts. It is absolutel.v essential that the surface to be grafted be absolutely 
free from bleeding when the graft is applied.) The graft was then wrapped care- 
fully about the mold, with the cut or deep surface of the graft outside. This mold 



Fig. 1 . — Appearance of the patient after enucleation. The right conjunctival sac 
had been completely destrojwd by a chemical burn. 


covered with the Thiersch graft was then inserted into the pocket prepared for it, 
and fine dermal, mattress sutures were passed through both margins of the lids, 
catching the edge of the graft to keep it from slipping (fig. 3). When the sutures 
were tied, the margins of the lids were appro.ximated. A pressure dressing of 
gauze and bandage wet with physiologic solution of sodium chloride was applied 
over the eyelids, it being important that no dead space develop between the graft 
and its bed during the first twenty -four hours. Oiled silk was bandaged over the 
moist dressings to minimize evaporation. Warm physiologic solution of sodium 
chloride was added every four hours. The patient left the hospital on the si.xth 
postoperative day. On the eighth day the sutures were removed, and on the tenth 
da}’ the mold was allowed to come out and the cavit}' was flushed to clear it of 
epithelial debris. It was then apparent that the graft had taken in its entirety with 
the e.xception of two small spots, 2 or 3 mm. in diameter. Since these small gran- 
ulating spots did not epithelize rapidly, on June 21 they were curetted, small grafts 
applied to them, and the cavity packed tightly with moist gauze. These grafts vas- 
cularized readily, completing the cpithelization of the pocket. The patient contin- 
ued to wear the mold in the newly formed cavity, in the attempt to keep it from 
contracting. But, as is well known. Thiersch grafts have the unfortunate habit of 
contracting tor some weeks following their application, and here the contraction 
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Fig, 2. — The nutmeg-shaped mold of dental composition is made to fit the 
pocket dissected beneath the eyelids, as shown at the top. The middle and lower 
sketches show the manner in which the Thiersch graft is wrapped about the mold. 
The graft has been perforated to prevent accumulation of serum beneath it. 



Fig. 3. — The mold with thin graft wrapped about it is now in the jiocket and 
sutures are placed through the margins of the lids, catching the edges of the graft. 
The dotted lines indicate the extent to which the eyelids are undermined. 
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of the grafts and spasm of the orbicularis oculi soon forced tlic mold out, and a 
small artificial eye (or shell) was substituted. After two or three weeks more 
this also was forced out bj' the contraction of the cavity. 

We were then faced with the necessity of greatly enlarging the skin-grafted 
pocket which had become too small to retain any solid object within it. Accord- 
ingly, another inlay graft was done under local anesthesia, on August 30, five and 
one-half months after injurj'. At this time we did an external canthotomy to serve 
the double purpose of giving more room and to stop the contraction of the orbicu- 
laris oculi temporarily, since we felt the latter factor had caused part of our pre- 
vious difficulty. Incisions were then made in the skin-lined pocket parallel to the 
margins of the lids, and the lids were wideh' undermined again (fig. 4 A). A 



Fig. 4. — The second Esser inlay graft. A, heavy lines mark the incisions for 
the external canthotomy and undermining the lids, and the dotted lines show the 
e.xtent to which the eyelids were undermined. B, a mold or stent is made to fit 
under each eyelid. C, Thiersch grafts are wrapped about each mold. H, the molds 
covered with thin grafts are sutured in place. 


dental composition mold was then made to fit the pocket under each lid (fig. 4B). 
Thiersch grafts were cut and wrapped about these molds or “stents”^ (fig. 4 C) 
which were introduced into the pockets in the upper and lower lids, and the skin 
appro.vimated over them with fine dermal sutures (fig. 4 £>). Moist salt solution 
compresses were then applied as before, and the patient was allowed to go home. 
At the end of seven days the sutures were removed and the molds were allowed to 

3 These molds are called “stents" by Gillies, after Stent who introduced 
dental composition. 
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Fig. 5. — The large skin-lined pocket resulting from the Esser inlay grafts. 
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come out, forming a larger skin-lined pocket, with room to spare (fig. 5). A large 
mold that would completely fill the cavity was made and kept in place for two 
months, until it was felt that all the contraction reasonably to he expected had 
taken place. At the end of this time the cavit 3 ' was a little too large to hold an 
artificial ej-e well, and a canthoplastj' was done (Dr. Jacoby) to narrow it. 

The patient wore a large shell for several months, but for two )’ears or more 
he has worn the eye that is shown in the photograph taken on March 30, 1932 
(fig. 6). The skin-lined conjunctival sac was in e.xcellcnt condition at this time, 
three j'ears after injurj', and no further contraction or ulceration had taken place. 
It was gratifying to see how well the skin had adapted itself to its new location, 
because we were rather apprehensive lest it should contract more or ulcerate from 
the constant pressure of the artificial ej'C. It does not seem likeK' that this will 
occur later, since the grafted skin has had adecpiate time to become stabilized 
(fig. 7). 

In retrospect, we believe a large disk-shaped mold could have been 
used with greater satisfaction at the time of the first inlay graft in place 
of the nutmeg-shaped mold we used, and perhaps a second stage 
operation would have been avoided. 

Miss Jane Van Gordon made the pen and ink sketches. 
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Diirinfj (lie pnst few yeans, three patients have been admitted to 
t!ie sur^'ical ser\‘ice at Cook County Hospital M'itli a diagnosis of acute 
a])jK'iuIicitis. All three iiiulerweiit a))peiidectomies, and in each instance 
the a])])cndix was grossly and microscopically normal. Subsequent to 
laparotomy, a definite pericardial friction rub developed, and a diagnosis 
of rheumatic pericarditis was made. 

The incidence of acute aiidoniinal jiain at the onset of rheumatic fever, 
particular!}' with acute jiericardial involvement, is seen not uncommonly. 
'J lie niechanisni of its jiroduction is obscure, and its clinical recognition 
difficult. Geissinger * recorded a case in a boy 5 years of age who 
had a sudden onset of abdominal pain with fever and vomiting 
accompanied by marked rigidity of the abdominal muscles. A lapa- 
rotomy was done, and a normal appendix was found. On the fourth 
day postoperatively polyarthritis develoiied. and on the tenth day a 
typical pericardial friction rub was heard. This author commented on 
the absence of similar 'case reports in the literature. Hj'iiian,- com- 
menting on Geissinger’s report, added a second case in a child 6 j'ears 
of age with a similar acute onset of abdominal pain, tenderness, rigidity 
and fever. Although the conditions of the abdomen seemed to require 
surgical intervention, operation was delayed because of cardiac findings. 
The following day acute arthritis of the ankle appeared, and in the 
next twenty-four hours fully developed rheumatic fever with large 
pericardial effusion was present. 

Fussel and McKay ^ reported three cases of jiericarditis with jiain 
referred to the right iliac fossa. None of these patients was subjected 

From the Cook County Children's Hospital and flic Department of Pcdiatric.s 
University of Illinois. 

1. Geissinger, J. D. : Acute Abdominal Pain in Rheumatic Fever, J. .A. M. A. 
94:1427 (May 3) 1930. 

2. Hyman, A. S. : Abdominal Pain at the Onset of Rheumatic Fever, J. A. 

-M. A. 94:I7S2 (May 31) 1930. 

3. Fussel, M. H., and McKay, J. A.: Symptoms of .Appendicitis in .Acute 
Pericarditis, .Am. J. M. Sc. 163:40 (.Tan.) 1922. 
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to operation, since pericardial findings were manifest on entrance. In 
one, autopsy revealed plastic pericarditis and a normal appendix. 

Wynter * reported two cases, one of which was diagnosed perforated 
gastric ulcer and the second acute appendicitis. Neither revealed path- 
ologic involvement at laparotomy, and in ijoth signs of pericarditis 
subsequently developed. This author believed the absence of abdominal 
I'espiratoiy movements of value as a diagnostic sign in pericarditis. 

Holden “ cited three cases of a similar nature, in which acute 
abdominal conditions were diagnosed, in which laparotomy was per- 
formed. Pericardial rub developed in each from twenty-four to forty- 
eight hours postoperativel3^ He stated that while the relationship of 
right-sided pneumonia to an acute condition in the abdomen has been 
stressed, textbooks are silent on the incidence of abdominal symptoms 
in pericarditis. 

In anal3'^zing the mechanism of the production of abdominal S3mip- 
toms in rheumatic pericarditis, a number of factors must be considered : 
( 1 ) referred pain from the thorax, ( 2 ) rheumatic m3msitis of the 
abdominal muscles, ( 3 ) rheumatic peritonitis, ( 4 ) involvement of the 
mesenteric glands and ( 5 ) true rheumatic appendicitis. 

REFERRED PAIN FROM PATHOLOGIC INVOLVEMENT OF THE THORAX 

There is considerable divergence of opinion expressed in textbooks 
regarding the incidence of pain in pericarditis. Holt® stated that 
localized pain and tenderness are usually present in acute rheumatic 
pericarditis. Norris and Landis ' stated that pain ma3’’ be entirely 
absent or may be of a sharp stabbing character, usually felt over the 
heart but at times radiating into the abdomen or to the left shoulder 
or left side of the neck. Allbutt ® stated that the patient usually com- 
plains of a dull ache rather than of acute pain. In other instances, 
the pain varies from slight discomfort to severe pain aggravated by 
movement, deep inspiration or cough, localized at times to the epigas- 
trium or radiating to the neck and shoulder blade or shoulder. 
McKenzie ® described dr3'^ pericarditis as an essentiall3'^ painless disease, 

4. Wynter, W. E. : Absence of Abdominal Respiratory Movements as an 
Indication of Pericarditis, Clin. J. 42:185, 1913. 

5. Holden, W. B. ; Pericarditis, Report of Three Cases in Which Early 
Sj’mptoms Were Entireb" Referred to the Abdominal Cavity, Northwest Med. 
19:230 (Sept.) 1920. 

6. Holt and Howland : Diseases of Infancj'- and Childhood, New York, 

D. Appleton and Company, 1926. 

7. Norris and Landis : Diseases of the Chest, Philadelphia, W. B. Saunders 

Company, 1918. , j tt ■ ./.r 

8. Allbutt, C., in the O.xford System of Medicine, New York, O-^ford Unuc - 

sity Press, 1920, vol. 2, p. 261. 

9. McKenzie, James: Diseases of the Heart, New York, O.xford Univer . 
Press, 1925. 
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asscrlin;^ that tluTc is no dislinclive sij^ii characteristic of it other than 
the presence of a friction mb. VViicn pain is present, accompanying 
myocardial disease will invariably be found. He said that some writers 
describe jiain as a symptom of pericarditis and that it is possible that 
a dull ache may be present. When severe pain is aggravated by respi- 
ration. it is due to a coincident pleurisy. 

From an e.xperimental point of view, there is little literature on 
pericardial pain. Capps,’® commenting on the variability of the picture 
of ])ain in jicricardial pathologic involvement, carried out an investiga- 
tion to determine what structures within and adjacent to the pericardium 
were capable of producing pain. This was determined by direct irrita- 
tion of the pericardium in patients with a large amount of pericardial 
effusion, a silver wire being inserted through a trocar. Four cases were 
investigated in this manner. In three instances, no pain was noted on 
puncture of the pericardium at the level of the fourth interspace. In 
two punctures at the level of the fifth interspace and in one puncture 
at the level of the sixth, pain was felt in the neck. Irritation of the 
serous surface of the visceral pericardium by the wire demonstrated 
this area to be insensitive to pain, and the serous surface of the parietal 
pericardium also yielded negative results as far as it could be explored. 
From his investigations, Capps concluded that dry pericarditis is a 
painless disease, as McKenzie had stated. Further, the presence of 
pain in pericarditis indicates involvement of structures outside the peri- 
cardium, especially the pleura. 

Alexander and his associates “ presented observations on the sensi- 
tivity of the visceral and parietal pericardium in a patient whose heart 
had been exposed as a result of a pericardiotomy for purulent peri- 
carditis. These authors found that pressure on the inner surface of 
the parietal pericardium produced pain referred to the chest and abdo- 
men. No other stimulus to the heart, pericardium or diaphragm caused 
reference of pain to any part of the body. 

Unverricht,’® using the thoracoscope, was able to make observations 
under physiologic conditions. He found the visceral pleura insensitive 
to touch, heav)'^ pressure and superficial needle prick. In the case of 
the parietal pleura, light touch was usuall}' not felt. Pressure and 
needle prick were felt but not definitely localized. Heat was felt as 
pain. The diaphragmatic pleura in its central portion gave pain in the 
neck and shoulder of the same side when stimulated by pressure or 


10. Capps, J. A.; Pericardial Pain, .A.rcb. Int. Med. 40:715 (Nov.) 1927. 

11. Ale.xander, J.; AtacLeod, A. G., and Barker, P. S_.: Sensibility of tbc 
Exposed Human Heart and Pericardium, Arch. Surg. 19:1470 (Dec.) 1929. 

12. Unvcrricht: Sensibilit.atspriifungcn von Pleura und Perikard, Klin. Webn- 
sebr. 6:855, 1927. 
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needle prick. Jn the peripheral portion painful stimuli were noted as an 
unpleasant sensation in tlie thorax and upper part of the abdomen of 
the same side, not definitely localized. 

Simenauer,^^ continuing the observations of Un\-erricht in a larger 
series of cases, obtained essential!}’- the same results. He was able to 
test the response to stimulation of certain areas of the pericardium 
in three cases. Pressure on the parietal pericardium in the region of 
the apex gave a sense of pressure referred to the left arm especially 
along its medial aspect, suggestive of the reference of pain in angina 
pectoris. In a second case, the pericardium of the left ventricle was 
stimulated, yielding no response to touch and to light pressure. Heavy 
pressure produced an unpleasant sensation at the level of the sixth 
rib just inside the midclavicular line. Sticking with a pointed instru- 
ment was not felt. In the third case, the pericardium was thickened, 
and this patient felt no stimuli. The author was unable to draw any 
definite conclusions regarding pericardial pain from these observations. 

In an analysis of the mechanism of abdominal pain in pericarditis, 
a study of the innervation of the adjacent organs is essential. The 
researches of Capps,^® Unverricht and Simenauer,^® and the clinical 
observations of such men as McKenzie ® indicate that the pain in acute 
rheumatic pericarditis is dependent to a considerable degree on involve- 
ment of contiguous structures. The innervation of the diaphragm is 
derived from two sources, the phrenic nerves and the lower six inter- 
costal nerves. The phrenic nerves are derived principally from the 
fourth cervical nerves, though the}'- receive fibers from the third and 
fifth nerves as well. The afferent fibers originate from the cells in the 
dorsal root ganglions of the third, fourth and fifth spinal nerves. In 
the lower part of the chest, the phrenic nerves lie between the pericardial 
pleura and the parietal pericardium, and give off branches that con- 
stitute the chief nerve supply of these structures. On reaching the 
diaphragm, terminal branches spread out over this structure beneath 
the diaphragmatic pleura. These fibers are distributed to within a few 
centimeters of the costal margins ventraily and laterally. Branches of 
the right nerve penetrate the diaphragm and give off rami to the deep 
muscular structures, the falciform ligament and the peritoneal covering 
of the upper surface of the liver. The left nerve similarly sends pene- 
trating branches which supply the deep muscular layers of the left 
dome of the diaphragm and spread out over the central portion of the 
diaphragmatic peritoneum. 

1,1. Simenaucr. Erich: Die Sensibilitat von Pleurcn, Perikard. iind Perifonea!- 
iiherziig des Diaphragma mit besonderer Bcriicksiclitigung des X’’ervu.s phrenicii.s. 
Ztschr. f. Tuberk. 48:273, 1927. 
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l‘.xiK'riiiKMU:il data, svicli as the work of Ca])ps " and Capps and 
C.itleinan,'’ indicate that the sensory innervation of tlie anterior two 
thirds of tile diaphraitniatic iilenra and peritonenni is derived from the 
jilirenic nerves to within a short distance of its ventral and lateral 
niari,'ins. Stimulation of this central dia])hra.t,Mnatic surface gives rise to 
the familiar shoukler pain. 'I'he ex|)lanation for this phenomenon lies 
in the fact that the cutaneous innervation of this area is derived from 
the branches of the third and fourth cervical nerves. ^Vhen the sensory 
fibers of the phrenic nen-e are stimulated, pain is referred by the brain 
to the cutaneous distribution of the third and fourth cervical nerves 
and not to the position of the diaphragm at all. The explanation for 
the wide separation of the area of stimulation and the region of 
reference of ])ain lies in the developmental histoiy of the diaphragm. 
This structure is originally formed in the neck and begins to migrate 
caudally at an early period of intra-uterine life, concomitant with the 
development of the lung buds. With the full development of the lungs, 
the diaidiragm reaches its permanent position at the lower end of the 
thorax.'" In \’iew of this innervation, one would expect shoulder pain 
to be a common manifestation of pericarditis, as Capps has pointed 
out. 

The ner\'e supply of the lateral rim of the diaphragm and of the 
posterior one-third not supplied by the phrenic nerve is derived from the 
intercostal nerves. Irritation of the posterior one-third and of the lateral 
and ventral border zones of either surface of the diaphragm causes 
referred pain over the cutaneous area supplied by the lower six thoracic 
nerves. This results in referred pain over the U])per part of the abdo- 
men and to a lesser extent over the lower quadrants.'" The develop- 
mental explanation for this second innervation lies in the origin of the 
posterior one-third and the peripheral border of the diaphragm from 
the adjacent body wall. 

In view of the clinical and experimental data at hand, therefore, 
we may state that the picture of pain in pericarditis is dependent to a 
considerable extent on involvement of adjacent structures. When the 
fibrous pericardium and pleura in the region of the diaphragm are 
involved, pain will occur in the region of the shoulder or neck from 
irritation of the afferent fibers of the phrenic nerve and reference to 

14. Capps, J. A.: An Experimental Study of the Pain Sense in the Pleural 
Membranes. Arch. Int. Med. 8:717 (Dec.) 1911. 

15. Capps, J. A., and Coleman, G. H. ; Experimental Observations on the 
Localization of Pain Sense in the Parietal and Diaphragmatic Peritoneum, .Arch. 
Int. Med. 30:778 (Dec.) 1922. 

16. Morley, John: .Abdominal Pain. Edinburgh, E. & S. Living.slone. 19.11. 

17. Meyers, J. .A.: The Normal Chest, Baltimore, Williams Sr Wilkins Com- 
pany, 1927. 
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the cutaneous area supplied b}'’ the third and fourth spinal nerves. When 
the posterior mediastinum is involved, pain will be referred through the 
lower intercostal nerves to the abdomen. 

Abdominal pain occurs also in the absence of definite evidences 
of carditis. Coburn,^* in a study of one hundred and sixt3’^-two patients 
with rheumatic phenomena, encountered severe abdominal pain in the 
right lower quadrant more than forty times. In five of these a normal 
appendix was removed, and shortl}' afterward unquestionable rheumatic 
manifestations made their appearance. Recrudescences of rheumatic 
manifestations later developed in some of these patients, with return 
of the abdominal pain in the right lower quadrant. Baudet reported 
a case in which the onset of rheumatic fever occurred with abdominal 
pain. An appendectomy was done, revealing a normal appendix, and 
twenty-four hours later t3'pical rheumatic pol3'arthritis was present. 
Costedoat cited a similar case in a person with pol3'arthritis. He 
suggested the possibilit3" of fixation of the rheumatic virus in the abdom- 
inal wall. 

Pearson described the abdominal pain of rheumatic fever as 
an acute sharp pain seated deeply in the epigastrium, recurring in 
short paroxysms from four to five times dail3^ The paroxysms were 
often precipitated by sudden exertion; there was no associated nausea 
or vomiting, and the incidence bore no relationship to the taking of 
food. There were no soreness of the abdominal muscles and no tender- 
ness, superficial or deep. Typically, these repeated attacks recurred 
daily for several days, and then definite rheumatic manifestations 
appeared. The author attributed this pain to gastric catarrh dependent 
on the rheumatic infection. 

Hutchison -- described rheumatism or fibrositis of the abdominal 
muscles as a common manifestation in childhood, and one that may 
easity simulate acute conditions in the abdomen. He stated that this 
condition ma3'^ easity be distinguished by the fact that the pain comes 
on when the affected muscle is thrown into action, e. g., when the 
patient tries to sit up in bed without using his hands. There ma3'' be 
considerable tenderness, especially when the muscle is contracted. This 

18. Coburn, A. F. : The Factor of Infection in the Rheumatic State, Baltimore, 
Williams & Wilkins Company, 1931. 

19. Baudet ; Acute Articular Rheumatism Simulating Appendicitis, Bull, et 
mem. Soc. d. chir. de Paris 57:265 (Feb. 28) 1931. 

20. Costedoat, M. : Debut a forme peritoneale de la maladie rhumatismale. 
Bull, et mem. Soc. med. d. hop. de Paris 53:1353 (Dec. 2) 1929. 

21. Pearson, S. V.; Abdominal Pain in Acute Rheumatism, Brit. H. T 
1120, 1904. 

22. Hutchison, R. : Diagnostic Significance of Abdominal Pain in Children, 
Brit. M. J. 1:1, 1921. 
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tciulcrness difi’crs from that due to innammation of an underlying organ 
In’ the fact that it is also jirescnt when the abdomen is grasped or 
compressed laterally. Still similarly described rheumatic myositis 
as a common cause of ahdominal pain in childhood. 

Wood and liliason recently reviewed the problem of rheumatic 
])critonitis as a cause of abdominal pain in rheumatic conditions. They 
cited a considerable number of cases reported in the literature of 
peritoneal involvement presumaldy on a rheumatic basis. They reported 
a case of acute abdominal syndrome in a rheumatic patient in whom 
laparotomy was done and definite peritoneal pathologic changes found. 
The appendix was normal. Subsequently, massive pericardial effusion 
developed. Cultures from both the peritoneal and the pericardial fluid 
were sterile. On the evidence collected, Wood and Eliason believed 
that true rheumatic peritonitis ma}' occur more frequently than has 
been thought heretofore, and may account for the abdominal pain in 
some cases of rheumatic fever. 

The presence of acute adenitis of the mesenteric glands, as pointed 
out by Brennemann in the case of infections of the respiratory tract, 
must be borne in mind as a possible causative factor in the abdominal 
pain of rheumatic fever. The possibility of such involvement of lym- 
phatic structures is repeatedly encountered in the literature. 

Finally the occurrence of true acute appendicitis in the presence 
of acute I’heumatic fever is an important possibility which must not be 
overlooked. 

REPORT OF' CASES 

Case 1. — History. — N, M., a white boy, aged 9, was admitted to the children’s 
surgical ward of Cook County Hospital on Nov. 15, 1928, complaining of pain in 
the abdomen of four days’ duration. He had had a sore throat and headache for 
two days prior to the onset. The pain was first noted in the region of the 
umbilicus, and after several hours shifted to the right lower quadrant and the right 
lumbar region. Nausea was present at the onset, and vomiting occurred once after 
the administration of a cathartic. Loose stools were present for three days prior 
to admission. 

E.ramination . — Physical examination of the chest gave negative results, except 
for roughening of the first sound at the apex of the heart. There was generalized 
tenderness over the entire abdomen, most marked over the entire right side. Sligiit 
rigidity was noted over both upper quadrants, most marked on the right. Peristaltic 
sounds were present. The child appeared acutely ill, with a temperature of 102.4 F. 
and a leukocytosis of 23,000. Urinab'sis was negative. A diagnosis of acute appen- 
dicitis was made and a laparotomy done. The appendix was grossly and micro- 
scopically normal, and no peritoneal involvement was present. 

23. Still, G. F. : Common Disorders and Diseases of Children, ed. 2, London, 

H. Frowde, 1912. 

24. Wood, F., and Eliason, E. L. ; Rheumatic Peritonitis, Am. J. M. Sc. 181 : 
482 (April) 1931. 

25. Brennemann, J.: The Abdominal Pain of Throat Infections, Am. J. Dis. 
Child. 22:493 (Nov.) 1921. 
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Course . — Following operation, the ho\' liatl a continuous fever of from 101 to 
102 F. On t!ie fifth clay postoperatively, he complained of pain in the knees. The 
joints were swollen, liot and tender, and acute rheumatic fever was diagnosed. On 
the seventh day, postoperatively, cardiac findings were noted, consisting of enlarge- 
ment, palpable thrill, systolic and diastolic murmur and a loud friction rub over 
the entire precordiuni. At this time the boy gave a history of repeated attacks of 
severe rheumatism. A diagnosis of rheumatic fever with pancarditis was made, 
and the child was transferred to the medical service. The course was protracted, 
with several recurrences of fever, pain in the joints, precordial pain and pain in 
the neck. On Aug. 17, 1929, the patient was finally discharged with a diagnosis of 
chronic endocarditis with mitral stenosis and insufficiencj- and aortic regurgitation. 

Case 2. — History . — C. S., a colored boy, aged 12, was admitted to the surgical 
service on June 13, 1929, complaining of pain in the right side, headache and pain 
in the right knee of six days’ duration. The onset was abrupt, with sharp stabbing 
pain in the epigastric region. Shortlj' afterward, the pain shifted to the right lower 
quadrant, where it remained constantl}^ though on one occasion it radiated down 
both thighs. The child had never had a similar attack previously. Nausea was 
present but no vomiting. Pain in the right knee bad been present during the entire 
week, and was severe enough to confine the patient to bed. He had had about five 
of these attacks during the past three j’ears, usually lasting about one month. The 
bowel movements were normal during the entire course. 

E.vamiuafioii . — The boy appeared subacutely ill and in considerable pain. The 
results of examinations of the heart and lungs were entirely negative. There was 
tenderness in both lower quadrants of the abdomen, especially on the right, with 
slight rigidity over the right rectus muscle. Peristaltic sounds were audible. On 
rectal examination, tenderness was noted in the right lower quadrant. The right 
knee was painful with much muscular spasm. 

Course. — A diagnosis of appendicitis was made, and an appendectomy done. The 
appendix was grossl)’ and microscopically normal. Postoperatively, the boy had 
a continuous fever, the temperature being as high as 103 F. On the second da}’, a 
pericardial friction rub was heard, and a diagnosis of rheumatic pericarditis was 
made. The course was stormy, with high fever and considerable cardiac embarrass- 
ment showing evidence of patch}’ consolidation in the fields of both lungs at one 
time. The patient was finally discharged from the hospital on July 23, with a 
diagnosis of chronic endocarditis with mitral insufficiency. 

Case 3. — History. — F. J., a colored boy, aged 13, rvas admitted to the surgical 
service on Sept. 4, 1931, complaining of abdominal pain of two days’ duration. 
Three days prior to admission, he had had a headache and pain in the neck. The 
following morning he noted a diffuse pain in the epigastrium. In a few hours, the 
pain shifted to the right lower quadrant, where it persisted as a dull ache. There 
was no associated nausea or vomiting, and the bowel movements were normal. 

E.vmnination . — The child did not appear acutely ill or in pain. The temperature 
on admission was 99.S F. A systolic murmur was present at the ape.x and trans- 
mitted to the axilla. There was moderate tenderness in the right lower quadrant 
of the abdomen just to the right of the navel, with no muscular rigidity. There 
was slight rebound tenderness, and peristaltic sounds were present. The leukocyte 
count was 22,000, the urine negative. 

Course. — -A. diagnosis of appendicitis was made, and an appendectomy done. 
Pathologically, the appendi.x was normal grossly and microscopically. There uas 
no apparent peritoneal involvement at laparotomy. Postoperatively, the child had 
a constant temperature around 101 F. On the fourth day, he complained of pam 
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in tlic left side of the chest, and a definite pericardial friction mb was heard. He 
was transferred to the medical service with a diagnosis of rheumatic pericarditis. 
The course was uneventful and he was discharged on October 9, in good condition. 
On several occasions, he complained of precordial pain and pain in the right side of 
the neck. 

COMMENT 

In reviewing these three cases, several factors of diagnostic impor- 
taitce arc apparent. Two of the patients gave a definite history of 
preceding attacks of rhenniatic fever. In the third, no rheumatic 
history was obtained hut on physical examination, typical findings of 
mitral insufficiency were noted. In all three, symptoms suggestive of 
a generalized systemic infection, such as headache, sore throat and fever, 
were present before the onset of the abdominal pain. In case 2, definite 
arthritis of the right knee, which was so severe as to constitute a 
prominent part of the complaint, was present at the onset. 

The character of the abdominal pain in these cases offered the 
greatest difficulty in differentiating the condition from a surgical con- 
dition in the abdomen. In each instance the onset was abrupt, with 
diffuse pain located in the epigastrium or in the umbilical region and 
later shifting principally to the right lower quadrant. It was associated 
with some tenderness in one or both lower quadrants and with slight 
or no muscular rigidity. Definite localization of tenderness and 
rigidity was not present in any of these cases. Pain in the neck was 
complained of in two of the cases, at the onset in one and after the 
development of signs of pericardial involvement in the other. This 
pain was prominent enough to be mentioned by the boys without lead- 
ing questions. Direct questioning as to the incidence of pain in the 
neck or shoulders and examination for cutaneous hyperalgesia over 
these areas might be of great diagnostic aid in similar cases. 

In the past, the incidence of symptoms simulating an acute con- 
dition of the abdomen in pneumonia located in a lower lobe has been 
stressed. As a consequence, this possibility is kept prominently in mind 
whenever patients are seen with acute abdominal pain. If the incidence 
of such a syndrome in rheumatic infections and in acute pericarditis 
was similarly thought of. undoubtedly tbe error made in diagnosis 
would be much less frequent. It ma}' be said, however, that when 
a reasonable doubt exists as to the presence of acute aijpendicitis. it 
is much wiser to err on the side of safety and explore the abdomen. 

SUMMARY AXI) CONCLUSIONS 

1. There is considerable variability in tbe jiicture of jiain in rheu- 
matic pericarditis. 

2. lixperimental evidence indicates that tbe ]iresence of jiaiii i> 
dependent on involvement of contiguous structures. 
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3. The mechanism of its production is discussed. 

4. Three cases of rheumatic pericarditis with abdominal symptoms, 
in which appendectomies were performed, are reported. 

5. A rheumatic histor}’’, the presence of other rheumatic manifes- 
tations, the incidence of pain in the shoulder and the atypical abdominal 
findings are stressed as of diagnostic value. 

6. Pericardial involvement merits equal consideration with pleural 
involvement, e. g., in pneumonia of the lower lobe of the right lung, 
in differentiating between acute abdominal conditions, particularly in 
childhood. 

185 North Wabash Avenue. 



SARCOMA, MELANOMA AND LEUKOSARCOMA OF 

THE RECTUM 


?IERBERT I. KALLET, M.D. 
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HARRY C. SALTZSTEIN, M.D. 
nF.TItOIT 

The purpose of tlris article is to place on record 7 cases of malignant 
neoplasm of the rectum ; 2 of spindle cell sarcoma, 1 of m 3 'osarcoma, 
3 of melanoma and 1 of lymphosarcoma (leukosarcoma). We are 
including melanoma within this group of sarcomas notwithstanding the 
controversy as to whether these growths are of epithelial or of meso- 
hlastic origin. 

INCIDENCE 

Sarcoma of the rectum, though well recognized and described, occurs 
infrequently. It has been estimated that only 0.5 per cent of all rectal 
neoplasms are sarconia. Weeks ^ estimated that 1 of each 242 sarcomas 
occurred in the rectum, Williams (quoted by Pennington -) 1 in 270 and 
Lapeyre ® 1 in 216. Sarcoma occurs with less frequency in the rectum 
than in other portions of the gastro-intestinal tract. Pennington " quoted 
Corner-Fairbanks that of 175 gastro-intestinal sarcomas only 11 were 
in the large bowel, 7 of these being in the rectum. These figures 
undoubtedl)' include melanotic tumors, which, according to AVeeks.^ “are 
twice as frequent as other sarcomas of the rectum.” 

The literature contains relatively few case reports. Weeks ' stated 
that “approximately 100 cases arc to be found in the literature, and that 
if doubtful cases were excluded the number would be reduced one-half.’’ 
Quenu and Hartmann gathered 20 cases in 1899. Bonnctt and Chalicr ' 
reviewed 54 cases in 1911. Lapej're* collected 30 cases (adding 2 per- 
sonal ones) in 1920. With these exceptions, most of the articles have 

Read before the American Proctological Society, Memphis, Tcnn., May 6,1932. 

From tlie Detroit City Physicians’ Office, J. Frank Kilroy, At.D.. Director. 
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634 


ARCHIVES OF SURGERY 


reported single cases, with a more or less general review.” Textbooks 
on proctology rarely mention more than 1 or 2 cases personally observed. 

Thompson ‘ in 1924 reported 4 cases of sarcoma of the rectum 
studied at the Mayo Clinic. These represented all such growths seen 
there up to that time. 

Concerning pathologic grouping. Lapej-re ” divided his 30 cases into; 
13 round cell sarcomas, 12 spindle cell sarcomas. 2 lymphosarcomas, 2 
myosarcomas and 1 osteosarcoma. 

Pennington- listed 60 rectal sarcon:)as as follows; 25 round cell 
sarcomas. 21 spindle cell sarcomas, 8 l 3 'mphosarcomas, 2 myosarcomas, 
2 fibrosarcomas, 1 alveolarsarcoma and 1 ossifying sarcoma. 


REPORT OF CASES 

Case 1. — History. — G. H,, a white man, aged 47, a laborer, first seen on April 
28, 1931, was referred by tlie urologic department of the Detroit City Physicians’ 
Office to the proctologic clinic because of a mass in the rectum noted on routine 
genito-urinary examination. The illness had begun with pain two months before, 
which seemed to radiate into the penis. It had originated with rectal distress, 
which had given place for the past month to urogenital pain, which was worse at 
night. There was no burning on urination or bleeding. When pain in the penis 
was severe, there was also pain over the left sacral region. Bowel movement was 
not distressing, nor was there any rectal bleeding. A year and a half ago, the 
patient had had a painful swelling at the margin of the anus, which subsided 
spontaneously (probably thrombotic hemorrhoid). 

E.vamiitation.~On rectal examination, a rounded swelling about 1 inch (2.5 
cm.) in diameter was found immediately to the left of the prostate. It was smooth 
and firm but not stoiw hard, and very tender on deep palpation. It was somewhat 
movable underneath the rectal mucosa, projecting into the rectum like a pol 3 ’p with 
a wide base. There was no ulceration over the mass. 

The patient was admitted to St. Marj^’s Hospital, and operation was performed 
on Maj' S by one of us (Dr. Kallet). 

Operation. — There was a rounded tumor in the left rectal wall lying beneath 
the mucosa between the sphincter and the prostate. The mass was dissected free 
and w'Es shelled out in many fleshj' particles having the appearance of the inspis- 
sated contents of a sebaceous cyst. 


6. (a) Saphir, J. F. : Large Spindle Celled Sarcoma of the Rectum, New 

York M. J. 110:798 (Nov. IS) 1919. (/;) Whiteford, C. H.: Sarcoma of the 

Rectum, J. Path. & Bact. 15:293, 1910. (c) Stimson, C. A.: Spindle Cell Sar- 
coma of the Rectum, Tr. Am. Proct. Soc., 1927, p. 7. (d) Churchman, J. YV.. 

illelanosarcoma of the Rectum, wdth Report of a Case, Am. J. AI. Sc. 155:639 
(Hay) 1918. (c) Kraker. D. A.: Helanosarcoma of the Rectum; Report of a 

Casei Am. J. Surg. 38:271, 1924. (/) Allen, Victor K.; Helanotic Carcinoma of 

the Anus, Tr. Am. Proct. Soc., 1931, p. 31. (g) Hertzler, A. E.: Perirectal 

Melanoblastoma Developing in Cutaneous Hemorrhoid, S. Clin. North .America 
3:1493 (Dec.) 1923. 

7. Thompson. J. W. : Sarcoma of the Rectum, Proc. Staff Meet., Mayo Chn. 
2:241 (Oct. 5) 1927. 
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Tlic pathologic report was made on May 7 hy Dr. J. E. Davis. The mass was 
described as a soft, velvety, new growth. One section showed connective tissue 
types of cells arranged in whorls. The cells were not anaplastic, and were very 
regular. In another section the cells were anaplastic and irregular, almost replac- 
ing normal tissue; there were a few giant forms. All of the tissue was highly 



Fig. 1 (case 1), — Spindle cell sarcoma. 


cellular ; there was no differentiation initiating any specific process. The diagno.sis 
was spindle cell sarcoma of the rectum in niidripc stage, grade 1 radiosensitivity, 
grade 3 malignancy. 

Course . — On May 1-4, four radon seeds of 1 millicurie were implanted sur- 
rounding the growth. Intensive deep roentgen therapy was given subsequentlv. 

On May 23, the patient was discharged. When again seen on Xovemljer 1. 
the mass had disappeared, and he felt well. On December 11, he was in c.Ncelleni 
health, and at the time of writing there has been no local recurrence. 
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Case 2. History. M. F,, a while youth, aged 17, a uiiiversit}' student, was 
admitted to Harper Hospital on Feb. 14, 1931, to Dr. Kallet’s service. His present 
illness had begun six weeks before, with pain on defecation, radiating down the 
left leg like sciatica. This had become increasingly severe, so that he could not 
sleep, and a diagnosis of osteomyelitis of the hip had been considered. The family 
history showed that the father had died of carcinoma of the rectum at a rather 
early age. 



? ■A' 






Fig. 2 (case 2). — Spindle cell sarcoma. 


E.vaini)tatioii. — Examination showed a young man of good nutrition apparentl) 
not acutely ill. On rectal examination, a mass about the size of a hen’s egg could 
be felt beneath the mucosa of the anterior rectal wall overlying the region of the 
left seminal vesicle. The mass was fluctuant and somewhat tender. The prostate 

was normal. 

O/’cralion.— On the day of admission an incision was made by one of us (Dr. 
Kallet) through the anal mucosa into the mass. It lay deep in the prcsacral region, 
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was linn like a ncoiilasin anil covered with rectal imicosa. Several ounces of 
gnunous liloody fluid containing particles of Itunor tissue were evacuated. 

Microscopic cxaiuination was made Iw Dr. P. F. Morse, who diagnosed the 
mass as a siiindle cell .sarcoma of a very malignant type. 

Course . — Following his discharge from the hospital, tlie jiatient consulted Dr. 
G. E. Pfahler in Philadelphia. There intensive deep roentgen therapy and radium 
needle implantation were given. The tumor proved unresponsive to this treatment. 
On May 15. he returned to Detroit. .-Xt that time there were marked cache.xia and 



Fig. 3 (case 3). — Myosarcoma. Section from peripheral portion of tumor. 
Other areas showed marked anaplasia. 


excruciating pain. There was a large sloughing mass in the rectum which prac- 
tically occluded the lumen. Colostomy was recommended, and the patient entered 
the University Hospital at Ann Arbor. There a cordotomy was performed 
(Alay 21), followed shortly by a colostomy (June 9). The patient was relieved 
from pain until his death, which occurred on June 22. 

C.\SE 3. — History. — A. T., a man, aged 46, first seen on Feb. 8, 1927, in the 
proctologic clinic, Detroit City Physicians’ Office, complained of severe consti- 
pation and rectal protrusion. For several years he had had infrequent stools and 
had taken Sal Hepatica every two or three days. Three months before, a small, 
hard mass protruded on defecation, returning spontaneously. Since then the stools 
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had been soft like butter, but there was no diarrhea. Bowel movement had been 
growing more difficult, and on straining, the patient had had a sensation as if a 
mass like an egg were crowding into the anus. Sometimes this mass protruded. 
There was little pain. 


Examination . — Examination showed a well developed man in good nutrition. 
A hard mass was felt externalh' to the right side of the anus. The sphincter was 
spastic. On digital exploration, beginning about three fourths of an inch (1.9 cm.) 
above the anus, a large, hard mass was felt extending to the right and bulging into 
the rectum. The upper limit of the mass could not be palpated. A deep trough 
was felt on either side of the mass where it joined the rectum. The tumor seemed 
to fill the entire presacral space and encroached so on the lumen of the rectum as 
practicalljf to close it. The mucosa over the tumor appeared intact. 

The patient was referred to the Detroit Receiving Hospital, and was admitted 
to the service of Dr. L. J. Hirschman on February 9. 

Operation . — On the day following admission, operation was performed by Dr. 
Hirschman. A three and one-half inch (8.9 cm.) incision was made, beginning 
at the outer margin of the external sphincter. The incision was carried into the 
gluteal area until the mass was reached. This was freed from surrounding tissues 
by blunt dissection. The portion adherent to the upper surface of the rectum was 
clamped and cut away, thus removing a small area of rectal tissue. A large iodo- 
form pack was used. 

Pathologic examination was made by Dr. O. A. Brines. The specimen weighed 
1,400 Gm. and measured 12 cm. in diameter. Microscopic examination showed a 
new growth of smooth muscle arranged in interlacing bundles and containing a 
moderate amount of fibrous tissue. A section from the central portion of the tumor 
showed conspicuously immature cells with marked anaplasia. Another section from 
the periphery showed all mature cells of leiomyoma. The diagnosis was myosar- 
coma of the rectum. 


Course . — There was improvement following the patient’s discharge from the 
hospital. Constipation was relieved, and there was gain in weight. Within two 
months, however, a yellowish purulent discharge developed from the rectum, with 
some bleeding. Constipation recurred, with loss of strength. 

On September 23, the patient was readmitted to the Detroit Receiving Hospital. 
Rectal examination showed a long, irregular scar posteriorly. An irregular mass 
was palpable on digital exploration, almost filling the rectum. 

On October 12, a midline colostomy was performed, and the patient was referred 
for deep roentgen therapy. 

On Jan. 30. 1928, the rectal mass was increasing in size, and the patient had an 
irregular septic temperature. 

On March 10. a raw mass larger than a fist obscured the anal canal. It was 
covered with whitish e.xudate and had eroded into tlie left buttock. It looked like 
raw meat and had a foul odor. 

Severe hemorrhage occurred, witli death on !March 11. 

C,\.«F. A.~I I istory. —Mrs. A. B., aged 47. was admitted to the Harper Hospital 
on June 18. 1920. to the service of Dr. .Angus Mcl.can, with tlie complaint ot 
severe vaginal and rectal discharge since the last menses three weeks liefori. 
protrusion from the rectum at defecation. 

Operation.— On July 5. loc.-d resection was made of a gangrenous rectal polyp, 
with curettement of the base. 

The pathologic report was made by Dr. P. F. Mor-e. who return!.' a f m- 
of very malignant melan.' isarto una of the rectum. 
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Fig. 4 (case 4). — Highly pigmented melanoma. 

Two weeks later she began to notice bright red blood in the stools. Since that 
time she had required mineral oil in large quantities. Bowel movements were 
small and in thin pieces. She had lost 13 pounds (5.9 Kg.) in two months. She 
had had a hysterectomy nine years before. She complained of severe hemorrhages 
from puberty to the menopause. 

E.vaini)wtioii . — The rectum e.xternally was normal. There was a hard, nodular 
mass on the right side of the rectum, located 1 inch (2.5 cm.) above the sphincter, 
reaching into the anal canal and involving the right side of the rectovaginal septum. 














Fig. 5 (cn.se 5). — Cellular melanoma. .•/ .shows the early lesion with alveolar 
roiiml cell arraiiRement and very little pigment ; B shows marked piRmentation 
(metastatic erowth'). 
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Tlic prowtli was about 2 inches (5 cm.) in <liaiuctei-, well defined and slightly 
ulcerated. The patient was referred to Harper Hospital on June 22, and was 
admitted to the service of 13r. L. J. Hirschman. 

Of'craliaii . — On Jnne 26, Dr. Hir.schman made a perineal extirpation of the 
rectum. The growth, with a portion of the posterior vaginal wall, was excised. 
The re.section was carried nii to the sigmoid ; the sigmoid end was brought down and 



sutured, to the skiu of the anus, preserving the sphincter. The rectovaginal septum 
was repaired with interrupted catgut stitches. 

The pathologic diagnosis was nielanosarcoma. The melanin was very scant. 

Coiiric. — Within a week, a rectovaginal fistula developed. Two attempts were 
made to repair this, .'\bout October 1, a hard visible mass about the size of a 
cherry developed in the right inguinal region. At the same time, a hard ulcerated 
mass, IJ/ inches (3.8 cm.) in diameter, was noted to the left of the anal orifice. 
Biopsy of tissue from both of these masses showed advanced metastatic nielano- 
sarconia. Both masses were deeply pigmented and almost black. The patient was 
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severely anemic, and was given large doses of ventriculin. Deep roentgen treat- 
ment was instituted locally. 

On Jan. 4, 1932, the patient was up and about. The anemia showed some 
improvement, but she was still extremely weak. 

Case 6. — History. — ^J. M., a white man, aged 61, a painter, was admitted to Harper 
Hospital, Dr. L. J. Hirschman’s service, on March 23, 1928. His illness had begun 
about three years before with rectal protrusion and bleeding. Two 3 'ears before 
he had been operated on bj^ Dr. Hirschman for a large rectal neoplasm, which 
pathologically was melanosarcoma. The growth and postsacral glands were 
excised, and he improved for eighteen months. At that time, pus appeared in the 
stools, severe constipation was present, and defecation was painful. There was no 
bleeding. There had been a loss of 10 pounds (4.5 Kg.) in weight. Urination 
had become difficult, and there were recent incidents of acute retention. 

Examination . — Examination showed a thin, somewhat emaciated man. Rectal ’ 
examination showed melanotic spots on the skin around the anus. A polypoid 
mass presented on the posterior rectal wall. There was a hard, fixed mass on the 
anterior wall of the rectum, in which the prostate seemed included. 

Operation -. — At operation on March 24, Dr. Hirschman found a growth the size 
of a child’s head situated between the fundus of the bladder and the prostatic and 
pelvic floor. The sigmoid was densely adherent. The mass was removed with 
great difficulty through a transverse incision. A hypertrophied infected gland was 
removed posterior to the anal canal. 

Microscopic e.xamination showed a verj' malignant spindle cell melanosarcoma. 

Course. — Postoperatively, there were hiccup, elevation of the temperature in the 
evening, pain in the lower part of the abdomen and retention of nitrogen. Death 
occurred on April 6, twelve daj's after operation. 

Case 7. — History. — J. M., a white man, aged 51, a laborer, was first seen by 
one of us (Dr. Kallet) on November 15, 1927. He was referred by Dr. Norman 
K. H’Amada, complaining of pain on defecation, tenesmus and bleeding from the 
rectum. Four weeks previouslj^ he had a chill and began to have pain in the but- 
tocks. For the two following weeks he was e.xtremelj^ constipated, his bowel 
movements being pencil-like. Then the constipation was replaced by severe 
diarrhea. There were six or seven movements an hour. He passed considerable 
flatus, blood and mucus and had an apparent urge to move the bowels con- 
tinuoush’. Each movement was accompanied bj' pain so severe as to be unbearable. 
He felt himself growing weak and stated that he had lost 7 inches (17.78 cm.) 
from his belt line. 

Examination . — Examination disclosed a well developed and well nourished man 
of middle age, who was weak and somewhat pale. He appeared acutely ill. The 
teeth were carious, and the gums were in poor condition. 

The cervical and axillary glands were slightly enlarged, and the inguinal glands 
were markedl.v enlarged. The abdomen was distended and gcnerallj' tender. No 
masses were felt. 

On digital examination of the rectum a mass could be felt which originated 
about 2 inebes (5 cm.) above the anus and filled the entire ampulla. The lumen 
of the rectum was almost obliterated. The mass was annular, firm and tender. 

It gave the impression of being submucosal in origin. 

Proctoscopic examination showed that the mucosa of the rectum seemed to be 
markedly congested and presented many peteciiial Iiemorrhages. No e/Torf was 
made to pass the sigmoidoscope through the tumor. 



K.■lIJJir-s.■lLTy.srI■l^’—^l.■lLl(;^’.■L\■cv on rectum 


m 



7 (case 7). — Lymphosarcoma (Icukosarcoma). A sliows lymphatic infil- 
tration of pelvic cellular tissues: R, high power magnification. 
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Course . — The patient was admitted to Providence Hospital on November 17. 
The course in the hospital was rapidly downward. On admission there were a few 
petechial hemorrhages over the lower part of the abdomen and a few on the chest, 
although none had been noted at the first examination. Within the next two or 
three days, there were purpuric spots over the entire body. Four days after admis- 
sion there was a slight oral hemorrhage. Some epistaxis, hematuria and blood 3 " 
diarrhea (from eight to teir stools per hour) developed. The patient became 
extremelj' weak. The hemorrhages from all the bodj' orifices increased, and the 
severe pain in the rectum required heavy doses of morphine for relief. 

Dr. A. Kunin made an examination of the blood. Dr. W. L. Brosius’ report 
on a smear was : “The large mononuclear cells of the Ij^mphocytic group closely 
resemble the cells of the tumor.” 

The red blood cells numbered 4,900,000, and the hemoglobin was 75 per cent. 
The results of the differential counts were: 

Poly- Small Large 

White morpho- Mono- Mono- Eosino- 

Blood nuclenrs, nuclenrs, nuclcars, phils. 


Date Cells per Cent per Cent per Cent per Cent 

11/18/27 38,000 23 C GO 2 

11/20/27 50,400 13 5 SO 2 

11/23/27 00,000 10 0 77 1 


Emergency colostomy was performed for impending intestinal obstruction on 
November 26 by one of us (Dr. Kallet). Under local anesthesia the transverse 
colon was rapidly pulled into the abdominal wound, fixed and not opened. 

Rapid abdominal e.xploration revealed no further masses. 

Following operation there ivas a severe nosebleed, and the urine passed was 
practically pure blood. The patient died four hours later. 

The pathologic report was made by Dr. Brosius. Local removal of a portion 
of the tumor post mortem showed microscopically an extensive infiltration of the 
rectal mucosa, muscle, fibrous layers and prostate gland. It was a solid tumor 
composed of uniform rounded cells with round, deep-staining, coarsely granular 
nuclei and a scanty amount of relative^' clear cj'toplasm essentiallj’' Ij^mphoid, 
resembling the lymphocyte of the lymph node. Anaplasia was not very marked, 
but invasiveness was decidedly marked. Examination of the blood smear made 
on November 23, showed 77 per cent of large mononuclear cells of the lymphocytic 
group, which closelj- resembled the cells of the tumor. 

The diagnosis was leukosarcoma of Sternberg. 


COMMENT 

The clinical manifestations and progress of these patients conform 
in general to the description found in most textbooks. However, cer- 
tain points may merit emphasis. 

Both sarcoma and melanotic growths arise beneath the mucosa, 
ordinarily either in the anal canal or in the lowest part of the ampuHu. 
It is often stated that these growths generally originate in the posterior 
wall. However, six of our cases were on the anterior wail. ^M 1 cn 
located anteriorly, the first symptoms may he due to pressure on the 
structures at the neck of the bladder. The patient in case 1 consulted a 
urologist for pain radiating into the penis. Case 6 i)rcscntcfl involve- 
ment of the prostate and bladder wall. 
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In several nf ihe histories, ]iain was a prominent early symptom. In 
ease 1. as noted, it r.adiated to the ])enis. In case 2 it radiated along the 
left sciatic nerve and was .so e.xcruciating that the i)atient conld not 
sleep. In case 4 there were terrific tenesmus and rectal spasm out of 
all pro]iortion to that seen in early rectal cancer, 'fhe ])atient in case 5 
also had severe rect.al pain. 

The first objective manifestation — the mass beneath the mucosa — is 
early of insignificant appearance and may he confused with a benign 
polyp or hemorrhoid. This emphasizes the importance of pathologic 
examination of all e.xcised hemorrhoid tissue. 

The mucosa remains intact as the early growth of the neoplasm 
])roceeds. With straining at stool, the tumor frequently develops into 
a polyp, usually with a short pedicle which may protrude and recede 
painlessly on defecation. The first manifestation in case 3 was a small 
mass which was extruded with each bowel movement. In case 4 a 
bulging gangrenous rectal polyp proved to be melanoma. 

More often the growth develops locally, forming a mass almost 
indistinguishable from carcinoma. In sarcoma tbe mucosa tends to 
remain intact longer, and ulceration occurs late. There is not the marked 
obstruction seen in some rectal cancers. Digital examination gives the 
impression that the lumen of the rectum is being compressed by an 
extra mucosal mass, whereas in carcinoma there is rather a sensation 
of direct involvement of the mucosa, with early crater formation. Occa- 
sionally sarcoma develops as a semifluctuant granulomatons mass which 
clinically invites incision for drainage. (When incision was made in 
case 2 a grumous, sanguineous fluid was discharged containing many 
fleshy particles). 

Melanoma . — In our cases there was little distinguishable difference 
between the clinical course of melanoma and of sarcoma. As a matter 
of fact, even a histologic differentiation may be difficult, for melanomas 
tend to develop spindle cells, and at first their pigment may be absent or 
so scanty as to escape detection. The metastatic deposits, on the con- 
trary, usually exhibit heav)" pigmentation, as ma}' older tumors. Case 5 
showed very faint pigment granules, scarcely discernible in the first 
section, while the later metastases were densel}' pigmented. 

The origin of these growths (melanotic) is at present a matter of 
controversy. Several proctologists and many dermatologists class! f}' 
them as of epithelial derivation — melanocarcinomas. However. Ewing,® 
in a careful critical review, considers that Soldan and more recently 
Masson have proved more or less conclusively that the original melanoma 
cell is of mesoblastic or neuro-ectodermal, certainly not epithelial, origin. 
He believes that the nevus cell is derived from and belongs to the 

8. Ewing, lames: Problems in Melanoma, Brit. yt. J. 2:852 (Xov. 22) 1930. 
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peripheral sensory nerve end apparatus. These pigment-bearing cells 
may and often do enjoy a more or less independent existence, and while 
they are more numerous in regions where the tactile sense is highly 
developed, such as the nail-bed, anus or orbit, the)^ ma}^ be found in the 
skin or mucous membrane of any portion of the body. 

Leukosarcouia . — Ihe lymphatic neoplasm (case 7), on the other 
hand, was a distinct clinical entit}': a rapid!}’’ fatal blood dyscrasia with 
hemorrhages from all mucous membranes, a steadily rising white cell 
count characteristic of lymphatic leukemia and a large lymphomatous 
mass surrounding the rectum. Sternberg has applied the term leuko- 
sarcoma to this condition. He differentiates three grades of lymphatic 
malignancy : ( 1 ) lymphatic leukemia as classically described, with a char- 
acteristic blood picture; (2) lymphosarcoma, a lymphomatous tumor 
without the leukemic blood picture, and (3) leukosarcoma, a local malig- 
nant lymphomatous tumor with the blood picture of lymphatic leukemia. 

There is considerable objection among some pathologists, Ewing, 
Herxheimer and others, to the separation of these tumors into a special 
group. They contend that the majority of these growths represent only 
an excessive hyperplasia of the lymphoid tissue such as is observed in 
lymphatic leukemia.^ However, the term is still used. In our case, 
although there was a definite mass constricting the lumen of the rectum, 
the microscopic picture was more nearly that of a leukemic infiltration 
of the pelvic cellular tissues. 

Leukosarcoma has been described in various locations, including the 
gastro-intestinal tract. Warthin reported its occurrence in the ileum, 
and Moritz in the cecum. Weiss” has also described it in the cecum. 
We have been unable to find a similar rectal neoplasm on record."* 

Prognosis . — Most authors state that sarcoma and melanoma of the 
rectum are invariably fatal. Very few patients have survived more 
than two years following any treatment. It has been noted that sarcomas 
of the rectum do not spread locally as carcinomas do. There is a rapid 
extension to the inguinal nodes and then to the liver, lungs and other 
viscera. Most authors recommend wide radical resection. Churchman **'' 
has advised preli 2 uinary laparotomy before exteiisive resections are 
undertaken to determine the presence of abdominal metastasis, which he 
believes will be found in SO per cent of the cases. 

Radium and roentgen therapy have been used both alone and in com- 
bination with surgical measures, but their value is as yet not definitely 
established. So far as we have been able to determine, no cures have 
been reported. 

9 Weiss Emil A.; Case of Localized Lcucosarcomatosis of (he Asccndtns 
Colon and of the Cecum. J. Lab. & Clin. Med. 16:567 (March) 19.51. 

10. Flashman. David H.. and Leopold. Simon S.: Lcuko.sarcoma. Am. J. - • 

Sc. 177:651. 1929. 



K.iujiT~sriuy.sTiiLV—.\i.iu(;N.-u\’cy or ructum 


647 


The results of our scries were as follows: 

Case 1. s])iu(lle cell sarcotua : The i)alieul is well and free from recur- 
rence eiijlu months after local resectioti, im])lautatioii of radon seeds 
and deep roentgen therapy. 

Case 2, spindle cell sarcoma : 'I'lierc was a rapidly downward course, 
with death in four months, despite local removal and intensive radiation. 

Case 3, myosarcoma : 'J'he course was progressively downrvard 
despite operation and deep roentgen thera])y, death occurring thirteen 
months after local rc.scction. 

Case 4, melanoma: The patient was symptom-free for four years 
after local removal. Death occun-ed five years post operatively, follow- 
ing cerebral symptoms, perhajis metatases. 'J'here was no local recur- 
rence. 

Case 5, nrelanoma : 'I'he patient is alive seven months after resection 
and deep therapy, but is rapidly failing. 

Case 6. melanoma: There was improvement for eighteen months 
following local resection. Death occurred two months later, following 
operation for recurrence. 

Case 7, leukosarcoma : The patient died six weeks from the onset, 
with symptoms of acute lymphatic leukemia. 

SUMMARY 

1. Seven cases of unusual rectal tumors, three sarcomas, three 
melanomas and one leukosarcoma, are reported. 

2. The clinical features and course of these neoplasms are discussed. 



EXPERIMENTAL THYROID HYPERPLASIA 

AN INCREASED INTAKE OF CHLORIDE COMBINED WITH A DIET 
DEFICIENT IN IODINE AS A FACTOR 

JAMES S. HIBBARD, M.D. 

NEW YORK 

At the present time endemic goiter is commonly placed in the cate- 
goi'}’ of a deficienc}’^ disorder, and attention is being focused on iodine 
as the lacking element. This is a natural tendenc}^ because of its apparent 
therapeutic value. Helhvig ^ opposed this point of view and stated that 
a positive factor and not a deficiency of iodine is the essential cause. 
He believes that an increased intake of calcium chloride represents a 
positive agent, and if combined with a deficiency of iodine hyperplasia 
of the thyroid will result. 

iNI}' purpose in this paper is to report an experimental study on 
th 3 a'oid hyperplasia produced in a relatively nonendemic region based 
on the theorj^ that calcium chloride represents a positive factor. 

REVIEW OF THE LITERATURE 

Kiiappenburg,- in 1919, reported negative results in a series of rats 
fed on water containing but a small amount of iodine. His experiments 
were conducted in Holland, a goiter-free region, the water being sup- 
plied from an endemic area. A year later, Houssay ® conducted a similar 
experiment in Buenos Aires, another nongoitrous region, and stated 
that goiter developed in onty two rats, from several lots of twenty each, 
when supplied by water from a goitrous region. McClendon dis- 
counted this work, saying that the iodine content of the food was not 
determined. In 1922, McClendon and Williams,' working in Minne- 

From the Laboratories of Surgery, College of Physicians and Surgeons, 
Columbia University. 

1. Helhvig, C. A.: Iodine Deficiency and Goiter, Arch. Path. 11:709 (May) 
1931. 

2. Kiiappenburg, B. D. G. ; Geneesk. bl. u. k’in. en lab. v. d. prakf. 21:. 300. 
1919; quoted by McClendon (footnote 4). 

3. Houssay, B. A.: Rev. d. Inst. bact. 2:029, 1920; quoted by McClendon 
(footnote 4). 

4. McClendon. J. F. : Distribution of Iodine with Reference to Goiter. 
Phvsiol. Rev. 7:189 (.April) 1927. 

’ 5. McClendon. J. F.. and Williams. Agnes: Experimental Goiter and Iodine 
in Natural Waters in Relation to Distribution of Goiter. Proc. Soc. E.vper. Biol. 

& Med. 20:280. 1922-1923. 
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sola, ail eiuk'inic area, produced chaii.ues in the thyroid gland in rats 
ted on a diet containing ten ]iarts of iodine ]ier billion jiarts of dry food. 
Hayden. Wenner and l^ncker,'' working in the same area, confirmed 
their results hy producing th\-roids twice the normal size in rats fed 
on a similar diet. Tanaiie.' in southern Germany, also obtained hyper- 
plasia in the thyroids of rats fed on a (het poor in iodine, but again, 
as Hellwig iiointed out, “domesticated animals in goitrous areas incur 
goiters spontaneously.” 

Hellwig ’ failed to iiroduce any changes in the thyroid gland in 
Kansas, a goiter-free area, when he used the same diet prescribed by 
Tanabc. and partially on these results he based his conclusions that the 
essential cause of goiter must be a positive agent rather than a defi- 
ciency of iodine alone. Orr’s " extensive geological studies point to this 
conclusion. He studied the iodine content of the foodstuffs and soil in 
England and Scotland, and found no correlation between a deficiency 
of iodine in the food and the occurrence of endemic goiter. Wegelin ® 
insisted that atrophy of the thyroid gland should result from a lessened 
intake of iodine since iodine stimulates the thyroid gland. Helhvig’s 
experiments confirm this view, both grossly and microscopically. 
Following this assumption, he produced marked hyperplasia in rats’ 
thyroids by using a diet high in calcium chloride and low in iodine. 
Hellwig ^ also wrote that Tanabe recently produced pronounced hyper- 
plasia apparently from a diet high in calcium and low in iodine. Added 
evidence as to the value of calcium chloride as a positive agent is the 
work brought forth by McCarrison,’® who, during a geological stud}' 
of endemic goitrous areas in northern India, found that the drinking 
water was obtained from areas containing large deposits of limestone. 

EXPERIMENTAL DATA 

Three groups of rats were studied in the first e.xperiment. Group A received 
a normal diet, group B received a diet low in iodine, consisting of pearl barley, 
distilled water and 2 Gm. of raw beef every third day. Based on the diets used 
by Hellwig,! group C received barlej', 2 Gm. of raw beef every third day and 
a 2 per cent solution of calcium chloride, instead of the distilled water. .A. determina- 

6. Hayden, E. M. ; Wenner, W. T., and Rucker, C. W. : Production of Goiter 
in Rats by Restricted Iodine Feedings, Proc. Soc. E.vper. Biol. & Med. 21:546, 
1923-1924. 

7. Tanabe: Experimentcller Beitrag zur Actiologie des Kropfes, Bcitr. z. 
path. Anat. u. z. allg. Path. 73:415, 1925. 

8. Orr, J. B. ; Iodine Supply and the Incidence of Endemic Goiter, Medical 
Research Council Special Report Series, No. 154, London, His Alajesty’s Stationery 
Office, 1931. 

9. MTgelin, quoted by Hellwig (footnote 1). 

10. McCarrison. R. : The Thyroid Gland in Health and Disease, London, 
William Wood S: Company, 1917. 
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tion of the iodine, made by Dr. Roe Remington, in the barley used in all experi- 
ments showed thirteen parts per billion. The housing of the rats during the 
experiment consisted of heavy mesh wire cages, with a raised floor and no 
bedding. The drinking water was contained in special drinking flasks to prevent 
contamination. The animals were killed on the one hundred and twelfth day, 
and the thj'roids were dissected, weighed and sectioned for microscopic study. 
From table 1 and 2, it is evident that the thjwoids in group B weighed much 
less than those in group A, both absolutely and in comparison with the body 
weight. Microscopically (fig. 2), they showed very abundant and deeply staining 
colloid, low epithelium and moderately small acini. This is in contradistinction to 
the pathologic picture of early mammalian goiter, which was described by Lang- 
hans and Wegelin,ii Marine and Lenhart and Hellwig i as showing extremely 



Fig. 1. — Normal th.vroid of a rat grown in a relatively nonendemic region. 
New York. 


small acini, a marked decrease in colloid, columnar epithelium with plications and 
papillae, mitotic figures and hyperemia of the gland. The results in group B 
correspond with Hellwig’s work and also substantiate Wegclin's theory.^ From 
a comparison of group C (table 3) and group B (table 2), it is obvious that the 
glands produced on the diet low in iodine and high in calcium chloride arc niucli 
larger. In comparison with the normal, although the thyroids in group C are 
only slightly heavier absolutely, they are moderately greater when compared with 


10a. Remington, Roe E. : Personal communication. 

11. Langhans and Wegelin: Der Kropf der weissen Ratte, Bern. Paul Hatipt 
.Ackademischc Buchhandlung. 1919; quoted by Hellwig (footnote 1). 

12. Marine. D.. and Lenhart. C. H.; Relation of Iodine to the Structure oi 
Human Thyroids. .Arch. Int. Med. 4:4-10 (Nov.; 1909. 
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the hcniy weittht. I'ive <'f the nine nits sltowed a (iefmitc liyperplasia of the thyroid 
Sland as evidenced hy the small size and irreKttlarity of the acini, decrease in tlie 
colloid, high cnhoidal or coltnnnar epithelium with plications, numerous areas of 
solid cells, some destinamation and hyperemia (fin. 2). 


TAiu.r, 1. — Groiif' A. Noniutl Did 


Thyroid 


Bat 



Wrlvrln, 


Kpithclinm 

Col- 

Hyper- Hyper- 

No. 

Uin. 

ftl'X 

Mk. 

Acini 

loll!* 

emia* jilasla* 

At 

200 

M 

IS 

l.argc and moderate 
sire 

Flat and low 
culiohlal 


0 

0 

A-2 

201 

.^t 

:!0 

l.arge ami moderate 
size 

I.ow cuboldnl 

2 

1 

0 

A-:i 

200 

M 

20 

J.arge and niodcrntc 
size 

Flat and low 
cuboldnl 

2 

0 

0 

A-f 

2:c, 

.tt 

20 

l.arge and moderate 
size 

I’lal and low 
cuboldnl 

2 


0 

A-'i 

1(U) 

.M 

21 

Moderate size 

Flat 

2 

0 

0 

A-0 

204 

M 

•JO 

Largo size 

Flat and low 
cubolilnl 

2 

0 

0 


* In this mul thr followliu: Inhlcs, colloid, liypcromlii imd hypcrphisin are ernded ns 
follows: 0, none; l, slight; 2, niodcrntc, and 3, marked. 


Table 2. — Groufi B, Did Low in Iodine JVilli S Gin. of Beef Every Third Day 


Rat 

Weight, 


Weight, 


Epithelium 

Col- 

Hyper- 

Hyper- 

No. 

Gm. 

Sox 

Mg. 

Acini 

loid 

emia 

plasia 

B-1 

200 

s: 

10 

Moderate and small 
size 

Flat and low 
cuboldnl 

3 

0 

0 

B-2 

201 

M 

15 

Moderate and small 
size 

Flat and low 
cuboldnl 

3 

0 

0 

B-3 

104 

M 

10 

Moderate and small 
size 

Flat 

3 

0 

0 

B-4 

ISO 

M 

IS 

Moderate size 

Flat 

3 

0 

0 

B-5 

133 

M 

22 

Moderate and small 
size 

Flat 

3 

0 

0 

Table 3.— 

■Gronfi C, 

Did Loiv in Iodine 

nnei High in 

Coiciiiiit 

Chloride 

JVilh 


3 Gin. of Beef Ex’ery Third Day 


Thyroid 


Rat 

Xo. 

Weight, 

Gm. 

Sex 

Weight, 

Mg. 

Acini 

Epithelium 

Col- 

loid 

Hyper- 

emia 

Hyper- 

plasia 

C- 1 

IGS 

M 

25 

Very small; solid 

Cuboidal ivith 

1 

0 

0 

C- 2 

179 

M 

2.1 

areas 

Very small; solid 

budding 

Cuboidal, budding, 

1 

0 

0 

C- 3 

ISl 

M 

3G 

areas 

Large and moderate 

papillae 

Flat 

3 

0 

0 

C- 4 

120 

M 

33 

size 

Very smali; soifd 

High cuboidal 

I 

2 

O 

C- 0 

194 

M 

39 

areas 

Moderate size 

Cuboidal and 

o 

1 

1 

C- 7 

14G 

M 

23 

Small; solid areas 

budding 

High cuboidal 

1 

o 

2 

c- s 

1G9 

M 

24 

Moderate size 

Flat and low 


6 

0 

c- n 

00^ 

M 

40 

Moderate size 

cuboidal 

Cuboidal 

o 

1 

D 

C-IO 

194 

M 

24 

Moderate size 

Cuboidal 

2 

0 

0 


The second experiment consisted of five more rats in group B. (table 4) and 
five more in group C (table 5"). The diet was the same as in the preceding groups, 
e.vcept that the raw beef was withheld. The results obtained correspond e.xactly 
with those of the previous series, i. e.. the rats on the diet low in iodine showed 
no thyroid hyperplasia, whereas the group on the diet low in iodine and high in 




Fig. 2 (rat, B-8). — Thyroid after administration of a diet low in iodine for 
one hundred and twelve days. 



Fig. o (rat, C- 23 1 .— Thyroid hyperplasia produced by a diet low in iodine and 
high in calcium chloride. 








lllHBARD—niyROll) JIVRIIRI’LASIA 


653 


calcium cliloridc slinwcd definite ci>an|>cs. Tlie restdls obtained in tiiesc experi- 
ments corresiiond closely with Melhvin's, althon(;h he was able to demonstrate 
more prononneed clianpes in Itis entire jtronp. 

Since ten of tlie fonrteen animals showed definite hyperplasia on the diet Iiigli 
in calcium chloride and low in iodine it was thought advisable to run cx])crimcnts 
on a larger group. Also, since the calcium was thought to be the active principle, 
it follows that hyperplasia would be produced even though a dilTcrcnt calcium- 
containing ingredient was used. Conversely, changes would not be produced if 
the calcium ion was replaced. In accordance with these deductions, a third series 
of experiments was run. The same precautions were carried out as in the 
preceding series. The animals were allowed to live from nincU' to one hundred 


Taiii.i; d. — Groul' H, Diet Loxc in Iodine 


Rnt 

Wciplil, 


Tli.vrol(t 

WelKlit, 


Col- 

Hyper- 

Ilypcr- 

No. 

Gni. 

Sex 

; .Mg. .\clnl 

Kiilthellum 

loid 

cinin 

plasla 

H- 0 

1G2 


10 Jlodcralo and small 

size 

Flat 

3 

0 

0 

11- 7 

i.7ri 

M 

20 Moderate and small 
size 

Flat and low 
cuboldal 

S 

0 

0 

13- S 

1G9 

M 

20 Moderate and large 
size 

Flat 

3 

0 

0 

B- n 

12C 

M 

IS Small size 

Plat 

3 

0 

0 

n-io 

J32 


20 Small ami moderate 
size 

Flat 

3 

0 

0 



Table S.- 

—Group C, Diet Loxv in Iodine and Hicjh in 

Calcium 

Chloride 

Rat 

tvcight. 


Thyroid 

Weight, 


Col- 

Hyper- 

Hyper- 

No. 

Gm. 

Sex 

: Mg. Acini 

Epithelium 

lold 

emla 

plasla 

0-11 

130 

M 

35 Very small and Irregular 

Cuboldal 

1 

3 

2 

C-12 

120 

M 

28 Solid areas; Irregular and 
very small 

Cuboldal 

1 



0-13 

132 

M 

32 Very small and Irregular; 
solid areas, and areas 
showlnt? no acinar form 

Cuboldal 

1 

2 

2 

C-14 

142 

M 

34 Same as for preceding 

animal 

Cuboldal 

1 

3 

2 

0-15 

138 

M 

29 Very small and Irregular; 
solid areas 

Cuboldal 

1 


2 


and one days, after which their thyroids were dissected and sections made for 
microscopic study. Three groups of rats were distinguished in this series. Group 
C (table 6), twenty-nine more animals, received a diet low in iodine and high in 
calcium chloride. Twenty-two thyroids showed a definite hyperplasia, as shown 
in the previous group C. 

Group D (table 7), twenty rats, received a diet consisting of pearl barley and 
a 5.4 per cent solution of calcium lactate, to serve as drinking water. The results 
were surprising, as none of the rats showed changes in the thyroid gland, although 
the calcium ion had been retained in the drinking water (fig. 4). Group E 
(table 8), sixteen animals, received a diet of pearl barley and a 3 per cent solution 
of sodium chloride. Likewise, the results obtained in this group were entirely 
unexpected. Definite hyperplasia, as demonstrated in figure 5. occurred in fifteen 
of the thyroids. The ch.anges were very similar to the findings obtained in the 
group fed on a diet low in iodine and high in calcium chloride, although the 
calcium ion had been replaced by sodium. 
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'I‘,M:l.r (>. — (hou!' D'u't I.oiv tn lodiih' ami Ilijih in Calriuiii Chloride 


Knt 


Writlll, 



Col- 

Hyper- 

Hyper- 

Nn. 

S( \ 

(tin. 

■Vi'lnl 

Fpllliellum 

lold 

eiiilii 

plasla 

0-10 

.M 

i;:o 

Vrry ‘•mull; Irn K^lnr iiihI 
tultrc 

Illgli eiiboldal 

1 

:t 

2 

<'-17 

I- 

l:::. 

SdIM vi ry Miinll 

mid Irn'inilnr 

lligli eiiboldal 

] 

3 

0 

0-lS 

M 

no 

Vrry Finiill; innny mild 
nrons 

Illeli eiiboldal ami 
eoliiimiar 

1 

o 

2 

<'-l!> 

M 

i:’.« 

ModiTiito mid Miinli 

('iiboldal 

1 

1 

0 

('-I'O 

M 

i;‘.o 

Sinnll: tiiid solid nroiis 

lligli eiiboldal 

1 

2 

2 

0‘JI 

M 

1 > t.) 

V«‘ry sinidli tnl*<*s nnd foIM 
nmiF 

t'oliimiiar 

1 

2 

3 

t 

M 

1-10 

Sinnll, inndi'rnlo; solid 
nrens, Inids 

llif^li cuboldnl 

1 

3 

2 

C-2:! 

M 

jno 

Smnll; tubes, solid nronF 
mid buds 

Cnboidn) and 
coUnnnnr 

1 

3 

3 


M 

170 

Moileralf iinil Inrt-’c fbe 

Low eiiboldal 

0 

1 

0 

c-'j.’i 

M 

l.'-O 

Moilcrntc iind Iiircp !:|/p 

Low eiiboldal 

2 

1 

0 

O-l’O 

M 

120 

Modornlo mid sinnll size; 
budding 

IlfKb euboidnl 

o 


1 

C-J7 

r 

120 

Moderntp, finall; tubp;:, 
liiiddliiK 

High eiiboldal 

1 

2 

2 

c-:$ 

M 

17)0 

Moilernte mid sinnll size 

Cuboldnl 

0 

1 

0 

C-2H 

M 

17)0 

Modernto mid sinnll; budding 

Cuboldal 

1 

2 

1 

cni 

M 

ir.o 

Larce size 

Flat 

3 

0 

0 

0-0*2 

M 

1-10 

Sinnll nnd irroKulnr; solid 
nrens 

High eiiboldal 

1 

■" 

2 

c-ss 

F 

120 

Modcrati', fniall and Irreg- 
ular 

Cuboldal 

1 

3 

1 

C-:!4 

F 

135 

Small and irrogidar 

High euboidnl 

1 

3 

2 

O-.'l.' 

F 

115 

Small size 

High eiiboldal 

2 

2 

1 

C-3li 

F 

140 

Moderate nnd Irregular 

Cuboldal 

1 

1 

0 

C-37 

M 

120 

Smnll, moderate, Irrceulnr; 
solid areas 

High cuboldnl 

1 

2 

2 

C-3S 

F 

102 

Small, moderate, Irrceulnr; 
solid areas 

High cuboldnl; 
budding 

1 

2 

2 

C-39 

M 

130 

Moderate, irrceulnr; tubes, 
solid areas 

High cuboldnl 

1 

2 

2 

C-10 

F 

123 

Moderate, smnll nnd Irreg- 
ular 

High cuboldnl 

1 

1 

2 

C-11 

F 

130 

Large nnd moderate size 

Cuboldnl 

2 

2 

0 

C-42 

F 

125 

Moderate; budding 

Cuboldnl 

2 

2 

1 

C-13 

F 

170 

Moderate .«ize 

Cuboldnl 

2 

2 

1 

C-44 

F 

135 

Moderate nnd Irregular size 

High cuboldnl 

i 

3 

2 

0-4.-) 

F 

130 

Jlodcrate and irregular size 

High euboidnl 

1 

3 

2 


Table 

7. — Grou{> B, Diet Loiv in 

Iodine and High in 

Calcium Lactate 

Rat 

M'eight, 



Col- 

Hyper- 

Hyper- 

No. 

Sex 

Gin. 

Acini 

Epitlicliiiin 

. lold 

cmin 

plasia 

D- 1 

:^i 

OS 

Lnrpo nnd modern te size 

Flat 

3 

0 

0 

D- 2 

^r 

9(5 

Lnrce nnd moderate size 

Flat 

3 

0 

0 

D- 3 

M 

140 

Moderate; smnll tube 
forin.«, few solid nrens 

Flat and low 
cuboitlal 

2 

2 

1 

D- 4 

M 

200 

Moderate nnd large size 

Flat nnd low 
euboidnl 

2 

1 

1 

B- 7) 

M 

113 

Large nnd moderate size 

Flat 

o 

o 

0 

0 

D- C 

M 

140 

Large nnd moderate size 

Flat 

3 

0 

0 

D- 7 

M 

170 

Largo and modernte size 

Flat 

3 

0 

0 

D- S 

M 

17)0 

Largo nnd moderate size 

Flat 

3 

0 

0 

D- 0 

M 

ISO 

Large and moderate size 

Flat 


0 

0 

D-10 

M 

190 

ISIoderate; few solid areas 

Flat nnd low 
euboidnl 

3 

1 

0 

D-11 

F 

1S7> 

Large nnd moderate size 

Flat 

3 

0 

0 

D-12 

F 

ISO 

Large nnd modernte size 

Flat 


0 

0 

D-13 

F 

13S 

I.nrge nnd modernte size 

Flat 


0 

0 

D-14 

F 

1(57) 

Moderate size 

Flat and low 
euboidnl 

3 

1 

0 

D-15 

F 

140 

Large nnd modernte size 

Flat 


0 

0 

Dio 

M 

210 

Largo nnd modernto size 

Flat 

g 

0 

n 

D-17 

F 

210 

Largo nnd moderate size 

Flat 


0 

0 

T)-1S 

F 

1(50 

Large nnd moderate size 

Flat 

2 

0 

0 

D-in 

y 

210 

Moderate size 

Low cuboiilal 


1 

0 

D-20 

y 

ICO 

Modernte size 

Flat nnil low 
euboidnl 


1 

1 
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COMMENT 

This experimental study agrees with the work of Hellwig ^ and the 
views of Wegelin ® that thyroid hyperplasia is not due to a deficiency 
of iodine alone. McCarrison’s views that thyroid changes occur in 
animals when fed on a diet deficient in vitamins and leaf}'^ vegetables 
are not borne out. The study substantiates Hellwig’s point of view 
that a positive factor is the essential cause, and when combined with a 
low iodine content may produce goiter. The experiments coincide with 
his results in that calcium chloride may act as a positive agent in pro- 
ducing goiter. Although there were definite changes in the thyroid 
glands in animals fed on a diet high in sodium chloride and low in 


Table 8. — Group E, Diet Lozv in Iodine and High in Sodium Chloride 


Kat 


Weight, 



Col- 

Hyper- 

Hyper- 

Ko. 

Sex 

Gm. 

Acini 

Epithelium 

loid 

emia 

plasia 

E- 2 

P 

130 

Small; tubes, solid areas, 
buds 

Columnar and 
cuboid al 

1 

2 

3 

E- 3 

M 

140 

Small; tubes, solid areas 

High cuboidal 

1 

S 

3 

E- 4 

F 

130 

Small; tubes, solid areas 

High euboidal 

1 

3 

3 

E- 5 

F 

130 

Small; tubes, solid areas 

High cuboidal 

1 

3 

3 

E- C 

F 

120 

Small; tubes, solid areas 

Cuboidal 

1 

3 

2 

E- 7 

M 

132 

Small; tubes, solid areas 

High cuboidal 
and columnar 

1 

0 

3 

E- 9 

F 

125 

Small; tubes, solid areas 

High cuboidal 

1 

2 


E-10 

M 

123 

Small; tubes, solid areas 

High cuboidal 

1 

2 

3 

E-11 

M 

128 

Small; tubes, solid areas 

High cuboidal 

1 

1 

3 

E-12 

P 

no 

Moderate size 

Plat 

3 

0 

0 

E-13 

M 

140 

Small; tubes, solid areas 

High cuboidal 

1 

1 

3 

E-14 

F 

200 

Moderate size 

Cuboidal 

2 

1 

1 

E-15 

M 

135 

Moderate, small; solid areas 

Cuboidal 

1 

0 


E-IO 

M 

130 

Small; tubes, solid areas 

High cuboidal 

1 

0 

3 

E-ir 

M 

120 

Small size; tubes 

Cuboidal 

2 

1 


E-IS 

M 

145 

Moderate, small; tubes, 
solid areas 

High cuboidal 

2 

1 

S 


iodine and none in those fed on a diet high in calcium lactate and low 
in iodine, the conclusions are not absolutely clear. The data would 
rather indicate that the positive element in this series of experiments 
was the chlorine and not the calcium ion. Whether this action is specific 
for chlorine or nia}"^ occur with other halogens is not absolutely proved 
in this stud)L Further investigation, including verification of this work 
in a larger series, a series in which another calcium ingredient is used, 
and other halogens employed, is to be done and reported on later. 


SUMMARY 

White rats fed on a diet low in iodine in a relatively nonendenve 
region failed to have thyroid hyperplasia. 

Changes in the thyroid gland did not occur in rats fed on a diet 
poor in vitamins and leafy vegetables. 

13. McCarrison. R. : Goiter Survey in .Mhino Rats. Brit. M. J. 2;9S0 t^^a> 

31) 1930. 
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A 2 ]K‘r con( solundii of calcium cliloridc, combined witii a diet low 
in iodine, jirodnccd a delinite thyroid livper|)lasia in a large percentage 
of the experimental animals. 

]]yper|)lasia was not observed in ex])erimental rats fed on a diet 
high in calcium lactate and low in iodine. 

Definite changes in the thyroid gland, similar to those obtained by a 
diet high in calcium chloride and low in iodine, were found in rats fed 
on a diet high in sodium chloride and low in iodine. This suggests that 
chlorine (or the halogens as a group) may act as a positive factor in 
the production of thyroid hyperplasia. 



EFFECT OF INSULIN AND DEXTROSE ON THE 
NORMAL AND ON THE OBSTRUCTED 
INTESTINE 


I. M. GAGE, M.D. 

ALTON OCHSNER, M.D. 

AND 

R. A. CUTTING, M.D. 

NEW ORLEANS 

The intravenous administration of dextrose solution has become 
popular both as a preoperative and as a postoperative therapeutic 
measure. In addition to suppl}^!!^ the body with the necessary fluids in 
cases of dehydration, dextrose solution also supplies food that is 
readily utilized. A hypertonic solution of dextrose is an excellent 
diuretic, and therefore is of value in the prevention and treatment of 
cerebral edema. Dextrose solution is useful in the treatment of shock, 
and by virtue of its caloric value it tends to prevent and combat the 
development of acidosis. Largely owing to the work of Thalhinier,^ 
the combination of dextrose and insulin in the treatment of nondiabetic 
acidosis became popular. The use of this combination was continued 
for a considerable period of time, but within recent 3 'ears it is the 
tendency among most clinicians not to use insulin but to administer 
dextrose alone. Dextrose is usually employed in 5 or 10 per cent 
dilutions, unless a dehydrating or diuretic effect is desired. The use 
of the continuous dextrose infusion (“intravenous drip”), as suggested 
bv Matas,- is popular and frequently life-saving. 

Bulatoa and Carlson,“ in 1924, showed that the intravenous injection 
of from S to 10 Gm. of dextrose in 50 per cent solution produced an inhi- 
bition of the movement of the stomach that lasted from 10 to 60 minutes. 
Equimolar solutions of sodium chloride and the same amounts of 50 per 
cent lactose solution had no effect on gastric activity. The injection of 
from 20 to 40 units of insulin produced a marked increase in gastric 

From the Department of Surpery, Tulane University School of Mcflicinc. 

1. Thalhinicr. W. : Insulin Treatment of Postoperative ( N'ondiahetic) Acido- 
sis. J. A. M. A. 81:383 (.-Xiig. 4) 1923. 

2. ^^atas. Rudolph: Continued Intravenous Drip, .-Xnn. Surjr. 79:d43 (.\ray) 
1924. 

3. Bulatoa. E., and Carlson, -A. J.: Contributions to the Physiology of the 
Stomach: Influence of Experimental Changes in Blood Sircar Level on Gastric 
Huncrer Contractions. Am. J. Physiol. 69; 107. 1924. 
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.ali\i5\, 1 Ihm-c ulai i \ civ fimtiil tliat tlu' intravc-nous injection of 

10 <ir 2(' < 1111 . of ili Ntiiai- ill ;i (li;ilictie iln^ following complete jian- 
cu'atectiimy die] not jnodnee ty)>ieal iirolonned lumber eontnictions. 
liiilatoa ami ( avl'-on lielieve that tlic'-e elianues followini^ the adniin- 
iMvatioii of de.xtiose an<l insulin are line to a chan.uie in the energy 
nietaholisni of the gastric motor tissue as a result of the availaiile 
gl_\eogen heiug reduced. Stuehy. Rose and Cowgill ‘ determined the 
eltect of de.xtrose and insulin on the stomach in the jiresenee of vitamin 
1« deficiency. Idve of ihe seven animals with vitamin 11 deficiency 
showed eviilence of decreased gastric motility, (^f sixteen cxjieriments, 
four (2.S ])cr cent) showed that the injection of insulin was followed 
hy an increa.se in gastric motility. In twelve (7S per cent), insulin 
jnoduced no .significant change in the motility of the empt}' stomach. 
•Stucky and his co-worlcers concluded from this investigation that the 
disturhances in gastric motility resulting from vitamin 13 deficiency are 
not the re.snlt of hypoglycemia, and that the hy]ioglycemia produced hy 
the administration of insulin in vitamin ll-deficient animals does not 
alter gastric motility. They helieve that in the 2S ])cr cent of the cases 
m which increa.scd gastric motility followed the administration of insulin 
the action was due to the insulin itself and not to vitamin B, as insulin 
contains no vitamin 13. There was no relationshi]) between the level of 
the blood sugar and the ga.stric motility. Quigley, Johnson and 
Solomon •' showed in man, hy placing balloons in different parts of the 
stomach, that the response to insulin and dextrose was qualitatively the 
same in all parts of the stomach. They found that characteristically the 
injection of insulin jii'oduced prolonged gastric activity associated with 
a marked and sustained increase in gastric tone. The administration of 
dextrose into the stomach did not produce the characteristic inhibition of 
gastiic activity, whereas the gastric response following the intraduodenal 
administration of dextrose corresponded to that which followed the 
intiavenous administration. Templeton and Quigley “ determined the 
effect of dextrose and insulin on a Heidenhain pouch of the stomach. In 
contrast to the normal stomach, the Heidenhain pouch showed inhibition 
of motility and decrease of tone. This in some few cases lasted for as 
long as 4 hours. In those instances in which concomitant tracings were 


I- ’ Rose, W. B., and Cowgill, G. R. : Studies in the Physiologi’ 
o itamins; VI. Effect of Insulin on Gastric Motility in Vitamin B Deficiency, 
Am. J. Physiol. 87:85, 1928. 

, Quigley, J. p. ; Johnson, V., and Solomon, E. I.; Effect of Insulin on the 
* otdity of the Gastro-lntestinal Tract: Action on the Stomach of Normal Fast- 
■ng- Man, Am. J. Physiol. 90:89, 1929. 

. 'f'onipleton, R. D., and Quigley. J. P. : Action of Insulin on the Motility of 
1 C astro-intestinal Tract; II. .Action on the Heidenhain Pouch. .Am. I. Phvsiol 
1930. 
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made of tJie poudi and the normal stomach, inhibition in the pouch 
occurred simultaneously with increased motility of the stomach. The 
intravenous administration of dextrose to the fasting animal with a 
Heidenhain pouch produced no change in activit}^ of the pouch, but con- 
comitant tracings of the stomach proper showed the characteristic inhibi- 
tion. Templeton and Quigley ® believe that the reaction produced by 
dextrose and insulin in a Heidenhain pouch differs from that in the 
stomach proper because in the former the nerve fibers from the vagi 
have been divided and probably disturbances in the plexuses of 
Meissner and Auerbach have occurred. The}'^ also suggested that the 
fundic portion of the stomach from which the pouch was made differs 
qualitatively from the p3doric portion. Quigle}" and Templeton " deter- 
mined the effect of insulin and dextrose on a p3doric pouch and on the 
stomach proper following double splanchnicotomy. The3'^ found that 
before splanchnicotomy subcutaneous and intravenous injection of insulin 
did not modif3^ the motilit3" or the tone of the pyloric pouch. Similar 
negative results were obtained following the intravenous injection of 
dextrose, irrespective of whether the dextrose followed or preceded the 
insulin or was given alone. After double splanchnicotom3\ it was found 
that there was a characteristic increase in gastric motilit3' as described 
by Carlson. This increase was augmented by the subcutaneous injection 
of 20 units of insulin. The intraA'enous administration of dextrose 
produced a temporary decrease in gastric motilit3^ whereas the admin- 
istration of dextrose without an antecedent injection of insulin produced 
complete inhibition of gastric activit3o The increased gastric activity was 
apparentl3' slightl3' greater in the splanchnicotomized animals than in 
the normal animals. These same investigators ® determined the reaction 
of the stomach to dextrose and insulin after vagotomy. All the animals 
showed the t3'pe of hunger contractions following vagotom3" described 
by Carlson. As a rule, the injection of insulin, in contrast to the normal, 
produced an inhibition in gastric inotilit3' in the vagotomized animal, the 
inhibition lasting several hours. Quigle3' and Templeton ® concluded 
from this that insulin apparentl3' acts centrallv, the impulses being 
carried over the A'agi. and that following vagotom3' impulses cannot he 
carried to the stomach. TIica’ agreed with Bulatoa and Carlson ^ that 
the gastric response to dextrose and insulin is not due to the dextrose 
and insulin per se. Init is due to the cfianges in blood sugar and to the 
modified cell metal:)olism which are produced Iw the insulin and tiie 

7. Quigley. J. P., and Templeton, R. D.; Action of Insulin on the Motility 
of the Gastro-Intestinal Tract: III. A. Action on the Pyloric Pouch. .Mtion 
on the Stomach Foliowin.g Double Splanchnicotom.v, .Am. J. Plnsiol. 91:473. 19.10. 

8. Quiglev, J. P,. and Templeton, R. D.: .Action oi Insulin on the Motility 
<^f the GaMro-Intestinal Tract : IV. Action on the Stomach Following Dot, hie 
Vagotomv, .Am. J. Physiol. 91:482 fjan.) 1930. 
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tlcxlrost.'. 'riu: inhiliitini; clTccl lliat is exerted liy the intravenous injec- 
tion of dextrose on tiie stomach occurs proI)ahly through the vagi, for 
it is absent in the Meidenhain pouch and in the stomach after vagotomy. 
The assum])tion that the stimulating influences reaching the stomach 
after the injection of insulin jiass by way of the vagi is substantiated by 
tile investigations of W'ilder and Sclilutz." d'he}' found tiiat the admin- 
istration of atro]iine to an animal with gastric hyperactivity produced by 
insulin caused marked inhibition (often complete cessation) of gastric 
motility and loss in tone. 'I'his was associated with a lowering of the 
blood sugar. They believe that the stimulating effect of insulin on the 
stomach is due to hy]ierirritahiliU' of the vagi. Quigley and Solomon 
in determining the effect of insulin and dextrose on the human stomach 
found that following the subcutaneous administration of insulin inereased 
duodenal and gastric activity occurred. The increase in duodenal 
activity, which usually occurred about 15 minutes before the gastric 
activity became marked, consisted largely of an increase in the frequency 
of the contraction with little change in the tone. At the time that the 
gastric movements began, they became more frequent than those in 
the duodenum. The administration of atropine, and also of a dextrose 
solution by mouth, completely stopped the movements in the duodenum 
and stomach. Quigley and Solomon also found, by introducing 
balloons through an appendectomy wound in animals, that following the 
administration of insulin there was an increase in colonic movement. 
The stimulation occurred more uniformly in the colon than in the 
stomach. The administration of dextrose caused complete cessation of 
colonic movement, which, however, was less complete than that seen in 
the stomach. Quigley and Barnes.^' determining the effect of pituitary 
extract and insulin on the stomach, found that pituitaiy preparations 
invariably produced diminution in gastric activity. Associated with this 
was a slight rise in blood sugar, which, however, was not sufficient to 
account for the diminished gastric activity. The administration of 
pituitary preparations to insulinized animals produced a similar inhibi- 
tion in the motility of the stomach. Relatively recently, Quigley and 
Hallaran concluded from their investigations that the spontaneous 

9. Wilder, R. L., and Schlutz, F. W. : Action of Atropine and Adrenaline on 
Gastric Tonus and Hypermotility Induced by Insulin Hypoglycemia, Am. J. 
Physiol. 96:54, 1931. 

10. Quigley, J. P., and Solomon, E. I.: Action of Insulin on the Motility of 
the Gastro-Intestinal Tract: V. A. Action on the Human Duodenum. B. Action 
on the Colon of Dogs, Am. J. Physiol. 91:488 (Jan.) 1930. 

11- Quigley, J. P., and Barnes. B. O. : Action of Insulin on the Motility of 
the Gastro-Intestinal Tract: VI. Antagonistic .•\ction of Posterior Pituitary Lobe 
Preparations. Am. J. Physiol. 95:7. 1930. 

12. Quigley, J. P.. and Hallaran. W. R. : The Independence of Spontaneous 
Gastro-Intestinal Motility and Blood Sugar Levels. Am. J. Physiol. 100:102, 1932. 
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motility of the stomach and intestine is unaffected by the intravenous 
injection of dextrose solution, whereas the increased activity produced 
insulin is inhibited. They feel that the changes occurring in the 
motility of the stomach and intestine following the intravenous injection 
of dextrose solutions are inconsequential. 

Because of the alterations in motility of the normal stomach and 
duodenum of man and animals and the normal intestine of animals 
produced by the administration of dextrose and insulin, and because 
dextrose solutions are so universally employed clinical!}^, especially 
in tbe “poor risk” patient (including those with ileus), it was con- 
sidered advisable to determine the effect which these substances exert 
on the normal and on the obstructed small intestine. 



Fig. 1. — Drawing illustrating the relative arrangement of the enterostomy tube 
and the tube carrying the balloon used to record intestinal movement. As illus- 
trated, the terminal ileum has been divided and the two ends inverted. A fenes- 
trated enterostomj' tube is introduced into the distal end of the pro.ximal portion 
of the ileum and allowed to extend proximal^' in the intestine for approximate^’ 
20 cm. About 5 cm. proximal to this a rubber tube carrying a balloon is intro- 
duced proximally into the intestine but not extending beyond the end of the enter- 
ostomy tube. As long as the enterostomy tube is open, an obstruction is not 
present. However, an obstruction may be produced by clamping, as illustrated in 
the diagram, or hy tying the tube. 


Ninctv-two observations were made on thirty dogs, twenty-two on 
the normal animal, thirteen on animals with 24 hour obstruction, twenty- 
two on animals with 48 hour obstruction, twenty-five on animals with 
72 hour nl)struction. and ten on animals with 96 hour obstruction. The 
effect on intestinal activity of insulin alone was determined seventeen 
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tiiiU’s ; i»t ;i]()iu'. '-iNlrcn liiiic'': nl di’Nlroj-i’ iiiHiiliii coin- 

i'iiK'd. tfii liiiU’.'': of insulin jircccdi’d I»v dcxlrusr. ten linu’s. and of 
di'Xirnsi' pic’C('(U’d liy insniin. tliirl v-ninc liin('‘«. All nlisiTX'alions were 
made on nnanestliciized animals, 'riiis and repeated observations on the 
same animal were made possible bv emi)loyin.t: the followinj,^ technic.’'' 

Tl-Cll NIC 

h iider aseptic iirectmlidiis, the leni)ii):il ileum w.is divided and each end inverted 
by a purse string suture. .Minut 5 cm. pnexim.'il t<i the inverted cud of tbe proximal 
Itortiou. a feiiestr.ated tube was introduced tbmii^b tm enterostomy opeuinjr and 
allowed to e.xtenrl pro.xinitill v in tbe lumen (»f ibe bowel for about 21 cm. About 
5 cm. pro.xiintd tfi tbis, ;i seciuid tube carrviua a ballomi was introduced tbrongh 
another enterostomy opening, tbe en<l c.'irryiuK tbe b.'dloon bciiifr directed proxi- 
inally, but so placed that tbe fenestrated enterostomy tube extended beyond tbe 
balloon (fia. 1). liotb tubes were brounbt out tbronjrb tbe omentum, and tbe 
abdominal wall was closed in layers. 'I'lie animal was allowed to recover com- 
pletely, and after 2*1 hours tbe tube carryinn tbe balloon was connected with a 



Fig. 2. — Kymograpbic tracing showing the effect of insulin on the activity of 
the normal intestine. Time is indicated by a (in all the figures the time interval 
between the small vertical bars is one-tenth minute, or six seconds). Tone and 
movement of the ileum are indicated by b. The tracing was taken 40 minutes 
after the administration of insulin. There was not only an increase in tone, but 
also a marked increase in amplitude of intestinal movement. 

Alarey tambour, and kymograpbic tracings were obtained. Concomitant respiratory 
tracings were made. Observations were made on the normal unanesthetized ani- 
mal, following which the enterostomy tube was clamped, producing a mechanical 
obstruction. Observations were made daily as long as the animal survived. Blood 
sugar determinations were made before the beginning of the e.xperiment and at 
intervals subsequentlj', an attempt being made to obtain a specimen at the height 
of the intestinal activity. Blood sugar determinations were made by Fohn-Wu 
technic. 

The doses of insulin and dextrose varied in different experiments, but in each 
instance the dextrose was given intravenously as a 10 per cent solution , the 

13. Gage, I. M. : Ochsner, Alton, and Cutting, R. A.: Effect of Insulin and 
Glucose on Normal and Obstructed Intestine, Proc. See. Exper. Biol. & Med. 29: 
204, 1931. 
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amounts were usuallj’ between 6 and 10 Gni., witii an average of 7.5 Gin. Large 
doses of insulin Avere used and Averc given intraA-enousI y ; tlie dose varied betAveen 
20 and 40 units. In only four instances Avere tlicre bj’poglycemic manifestations. 
It AA'as found that the average period of time before changes in the intestinal 
actiA'it}’ occurred after the intraA’cnous injection of insulin A\’as 30 minutes, whereas 
the changes that foIloAved the intraA’enous administration of dextrose occurred 
usually Avithin a feAV minutes. 

The results are based on an analj'sis of the kyniographic tracings. 

EFFECT OF INSULIN ALONE ON THE NORIUAL AND THE OBSTRUCTED 

INTESTINE 

Normal Intestine. — One ohserA'ation AA'as made on the normal intestine 30 min- 
utes after the intraA’enous administration of 40 units of insulin. There AA'as a 
decrease in blood sugar from 159 to 151 mg. per hundred cubic centimeters (5 per 
cent decrease). The intestinal tone and amplitude AA'ere increased 30 and 16 mm., 
respectively (fig. 2). The increased actiA'itj' lasted 6 minutes. 










Fig. 3. — Kymographic tracing shoAving the effect of insulin on an intestine that 
had been obstructed for 24 hours. Time is indicated by o, tone and moA'ement of 
the ileum by b, and respiration by c. The tracing Avas taken 34 minutes after the 
administration of insulin. The increase in tone was not especialh' marked, but the 
increase in intestinal mOA'ement Avas very definite. 

Twenty-Fonr Hour Obstruction. — One obserA’ation AA'as made. After the admin- 
istration of 20 units of insulin, there Avas a decrease in blood sugar from 107 to 
61 mg. per hundred cubic centimeters (43 per cent decrease). There AA'as an 
increase in intestinal tone and amplitude of 4 and 18 mm., respectiA'eh' (fig. 3). 
The duration of this increased activity AA’as 2 minutes. 

Forty-Eight Hour Obstruction. — Five obserA'ations Avere made. In each 
instance, 40 units of insulin AA’as used, and in CA’ery case a decrease in blood sugar 
occurred, from a normal av'erage of 119 mg. to 74 mg. per hundred cubic centi- 
meters (37 per cent decrease). The obserA’ations Avere made betAveen ^ and 40 
minutes after the administration of insulin AA’ith one e.xception in Avhich tlfU interval 
Avas 58 minutes. In only tAA'O instances AA'as there an increase in intestinal activity, 
the aA'erage increase in tone and amplitude being 10 and l.o mm., respectiA'elj . 
The average length of time of increased intestinal activity Avas 12 minutes. In the 
instances in Avhich increased activity occurred, the blood sugar Avas decreased 
from an average normal of 159 mg. to 103 mg. per hundred cubic centimeters 
(29 per cent decrease), Avhereas in those instances in Avhich no change occurred, 
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llie blood svigar decreased from an average normal of 93 mg. to S5 mg. (42 per 
cent decrease). In three observations (60 per cent), there was no change in the 
activity of the intestine. 

Seventy-Two Hour Obsiruelion . — Seven observations were made. Forty units 
of insulin was given in si.x instances and 10 units in one. In each instance there 
was a decrease in blood sugar from an average blood sugar value of 105 mg. to 
72 mg. per hundred cubic centimeters (22 per cent decrease). The observations 

Table 1. — Effect of Insulin Alone on the Activity of the Intestine 


Condition ot Intestine; 
Number ol 
Observations 

Normal: l 


24 hr. obstruetion; 1.... 


48 hr. obstruction; 5.... 


72 hr. obstruction; 7... 


90 hr. obstruction; 3... 


Intestine lllooci 

f- ^ ^ — — A 

Increase No Chanixe Decrease Increase Deercasc 


lOOTo 

T no; 


100% 

B V'.iK 

A 10; 


B' 151 

T'G 

B ino: 

B' ira; 
-5% 


-5% 

100% 


100% 

T4: 


B107; 

A IS; 

T'2 

B107: 

IVOl; 


B' Cl; 


-40% 

-43% 



40% 

T 10; 

C0% 

m% 

B93; 

B119; 

A i..’i; 

B' 55; 

B' 74; 

T' 12 

B159: 

B' 103; 
-20% 

—42% 

-37% 

43% 

43% 14% 

100% 

T4; 

BS2: TIO; 

B 10,7; 

A 2o; 

IB 57: A 0; 

B' 72: 

T'G 

—30% ly 37 

—22% 

B 123; 

B 112; 


B' 77; 

B'G2; 


-37% 

-44% 


00% 

33% 

100% 

T7; 

B 115; 

B114; 

A 3.5; 

B'93; 

B' 04; 

T' 5.5 

B 113; 

B' 49; 

—19% 

-44% 


-50% 


The number of doR.s in wliieh tliere was an increase, no ciianire or a decrease in activity of 
the intestine is expressed in pereentaBC. The averaRC increases in tone (T) and amplitude (A) 
of intestinai movement are expressed in millimeters. Time (E'l is expressed in minutes. Tlic 
averaRC blood suKar values before (ID and after (B') the administration of insulin are Riven 
in milliRrams, with the perccntaRc of loss. 


were made at varying periods of time after the administration of insulin. All with 
the exception of one (which was made after 11 minutes) were made between 30 
and 40 minutes after the administration of insulin. In three instances there was 
an increase in intestinal activity, the average increase in tone and amplitude being 
4 and 25 mm., respectively. The average duration of the increased activity was 
6 minutes. In three instances there was no change, and in one there was an actual 
decrease in activity- of the intestine. In the one instance in which a decrease in 
activity occurred, there was a fall in tone of 10 mm., which persisted for 37 min- 
utes. The average blood sugar values before the administration of insulin in the 
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instanccs in wiiicli tliere was an increase, no cliange or a decrease in intestinal 
acti\ it> were 123, 83 and 112 nig. per hundred cubic centimeters, respectively. The 
average blood sugar values after the administration of insulin for the same groups 
were 77, 57 and 62 mg. per hundred cubic centimeters, respectively. 

N Dicty-Six Ilnur Ohslnirtloii , — Three observations were made. Fort 3 ' units of 
insulin was administered intravenously in each instance. Observations were made 
25, 37 and 58 minutes, respcctivelj', after the administration of insulin. In one 
instance, the blood sugar determinations for technical reasons were unreliable and 
were, therefore, discarded. In the other two there was a definite decrease in blood 
sugar from a normal average of 114 mg. to 64 mg. per hundred cubic centimeters. 
An increase in intestinal activity' occurred in two instances, an average increase 
in tone and amplitude of 7 and 3.5 mm., respectivelj’. The average duration of 
the increased activiu- was 5.5 minutes. In one of the three animals, no change in 
intestinal activity occurred. 

EFFECT OF DEXTROSE ALONE ON THE NORAIAL AND THE OBSTRUCTED 

INTESTINE 

Normal lutcstinc . — Seven observations were made. In each instance, 75 cc. of 
10 per cent dextrose solution was administered intravenously. In two animals, the 
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Fig. 4. — Kj'mographic tracing showing the inhibiting effect of dextrose on a 
normal intestine that had been made hjmeractive bj’- means of splanchnic analgesia. 

Time is indicated by a, tone and movement of the ileum b>' h, and respiration by c. 

At the extreme left, following splanchnic analgesia, there occurred a marked 
increase in intestinal activitj^ as evidenced bj'' the increase in tone and amplitude 
of intestinal movement. At about the midportion of the kj'mographic tracing an 
infusion of 10 per cent de.xtrose was started and continued approximately 5.5 min- 
utes, at which time 75 cc. had been administered. Within 1 minute after the 
completion of the infusion, as shown in the right hand portion of the tracing, there 
was a rapid fall in intestinal tone with almost complete absence of movement. The 
tone assumed a lower level than that before the splanchnic analgesia. 

dextrose was administered without anj' previous procedures having been used. In 
five, hyperperistalsis had been produced by means of either intravenous injection 
of hypertonic salt solutions or splanchnic block (fig. 4). Following the adminis- 
tration of dextrose there was in each instance a definite decrease in intestinal 
activit}-, the average decreases in tone and amplitude being 27.2 and 10.6 mm., 
respectively (fig. 4). The average duration of this inhibition was over 13 minutes. 

In five instances in which blood sugar determinations were made at such times 
that thev could be correlated with the intestinal movement, there occurred a marked 
increase from an average normal of 148 mg. to 298 mg. per hundred cubic centi- 
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meters of lilood (101 per cent increase). Tlic percentage increases in blood sngar 
varied from ."I/ to 171 per cent. 

Twiity-Eoiir Hour Obstrurliou . — Tltree oh.servations were made. In each 
instance, peristalsis bad been induced by intravenous injection of bypertonic salt 
solutions ; tbc de.Ktrosc was administered at tbc beigbt of tbc intestinal activity 
(fig. 5). Tbc interval of time between tbe administration of dextrose and tbc first 
effect on tbe intestine varied from 2 to 9 minutes. Seventy-five cubic centimeters 
of 10 per cent solution was employed in cacb instance. Tbc blood sugar was 
increased in two of tbe three observations from a normal average of 119 mg. to 
202 mg. per bundred cubic centimeters of blood. Tbc intestinal movement was 
decreased in each instance, there being average decreases in tone and amplitude of 
38 and 5 mm., respectively. This inhibition persisted for an average of 19 minutes. 

Forty-Eight Hour Obstruction . — Four observations were made. In one instance, 
dextrose was given alone without any previous medication ; in tbe remaining three, 
bypertonic chloride solutions bad been emplo 3 'cd to stimulate the intestine. Seventy- 
five cubic centimeters of 10 per cent dextrose solution was used in each instance. 



,inp ,1 ^ ■- 

Fig. 5. — K)'mograpbic tracing showing the inhibiting effect of dextrose solution 
on an intestine which had been obstructed for 24 hours and which had been made 
hyperactive by an intravenous administration of h 3 'pertonic salt solution. Time, 
tone and movement of the ileum, and respiration are represented by a, b and c. 
As shown on the left of the tracing, there was an increase principally in intestinal 
tone, but also some increase in intestinal movement, following the intravenous 
administration of 10 cc. of 20 per cent salt solution. Just to the right of the mid- 
portion of the tracing an infusion of 10 per cent dextrose was begun. Within 2 
minutes after the start of the infusion there was a cessation of all intestinal move- 
ment with rapid loss in intc.stinal tone. 

Tbe blood sugar was increased in each instance from a normal average of 121 
mg. to 282 ing. per hundred cubic centimeters of blood (133 per cent increase). 
The individual percentage increases in blood sugar varied from 128 to 224. In 
ever 3 ’ instance, there was an inhibition of the intestinal activit 3 ’, there being average 
decreases in tone and amplitude of 15 and 5 mm., respectiveh-. The average dura- 
tion of this inhibition was more than 6 minutes. 

Sc~u'uty-Twfl Hour Obstruction . — Two observations were made. In each 
instance, the intestine had been activated b 3 ' a previous administration of hypertonic 
salt solution. Scvent 3 --fivc cubic centimeters of 10 per cent dextrose was injected 
intravenously. Tbc average interval of time I)ctween tbc infusion and tbc effect 
produced on tbc intestine was 15 minutes. There occurred a marked increase in 
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blood sugar in each instance from an average normal of 97 mg. to 231 mg. per 
himdred cubic centimeters of blood (1-11 per cent average increase). There was 
a decrease in intestinal tone and amplitude in both instances. Tlie activity of the 
intestine was definitely decreased in each instance, the average decreases in tone 
and amplitude of movement being 10 and 10 inm., respectively. The average dura- 
tion of the inhibition was 10 minutes. 


EFFECT OF INSULIN AND DEXTROSE CO^tBJNED ON THE NORIMAL AX’D 
THE OBSTRUCTED INTESTINE 

Noi-dwI Iiitcsliiic . — Three observations were made. In two instances, 75 cc., 
and in one, 60 cc. of a 10 per cent dextrose solution was administered. In two 


Tablb 2. Effect of Dextvose /Uojtc on the ^Activity of the Intestine 


Condition of Intestine; 

Intestine 
«- 



Blood 

Observations Increase 

No Change 

Decrease 

r — 

Increase 

Decrease 

Normal; 7 


lOO?© 





T 27.2; 

B 14S; 




A 10.0; 

B' 20S; 




T' 13+ 

+101% 




B14S: 





3^29$ ; 





-rl01% 



24 hr. obstruction; 3 


100% 

CC.C% 

33.8% 



TSS; 

B 110; 

B 250; 



A3; 

B' 202; 

B' 149; 



T'lO 

-^ 09 % 

—40% 



BIOS; 

V 

J 



B'lSi; 

B 1C3; B' 1S4; +12% 



+12% 



4S hr. obstruction; 4 


100% 

100% 




Tin; 

B 121; 




A 5: 

B' 2S2: 




T'G 

+133^ 




B121; 





B'2S2; 





+133% 



72 hr. obstruction; 2 


W0% 

100% 




TIO; 

B07; 




A 10: 

B' 231; 




T' 10 

+ 141% 



B97: 

B'231: 

+iii% 


Tho number of dogs in which there was an increase, no change or a decrease is expressed in 
percentage. The average increases in tone (T) and amplitude (A) of intestinal movement arc 
expressed in millimeters. Time (TO is expressed in minutes. The average blood sugar values 
before (B) and after (BO tho administration of dextrose are given in milligrams, with the 
percentage of gain or loss. 

instances, 40 units, and in one, 20 units, of insulin was given. Blood sugar deter- 
minations were made 38 minutes after the intravenous infusion. In two instances, 
the blood sugar was increased from a normal average of 81 mg. to 102 mg. per 
hundred cubic centimeters of blood (26 per cent increase) whereas in one the 
blood sugar was decreased from a normal value of 106 mg. to 73 mg. per hundred 
cubic centimeters. In only one instance was there a sliglit increase in intestinal 
activity as evidenced by an increase in amplitude of movement of 1 mm., which 
persisted. In two instances, no change occurred in the intestinal activity. 

Tu'cnty-Four Hour Obstruction.— Three observations were made. In each 
instance, 75 cc. of 10 per cent dextrose solution and 40 units of insulin were used. 
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TIic time elapsing Iielweeii tlie ndministralion of the solution and the appearance 
of intestinal activity varied from 54 to 57 minutes. The blood sugar was decreased 
in each instance from an average normal value of 136 mg. to 75 mg. per hundred 
cubic centimeters of blood (159 per cent decrease). There was an increase in 
intestinal tone of 5 mm. in one instance, a decrease in tone of 9 mm. in another, 
and in a third the intestinal activity was not changed. The normal blood sugar 
value, i. e., before the administration of de.xtrose and insulin, was higher (167 mg.) 
in the animal in which increased activit 3 ’ of the intestine occurred than that (106 
mg.) in the animal in which there resulted no change in activity. 


Table 3. — Effect of Dc.vtrosc 

and Insulin 

Combined on Aetknty 

of the Intestine 

Condition of Intostino; 


Intestine 

Blood Sugar 

Observations 

Increase 

No Change 

Pccrcasc Increase 

PecroaFo 

Norinnl; 3 

33.37o 

00.0% 

00.0% 

33% 


TO; 

ns;: 

B Si; 

B 100; 


A l; 

V' s.'>: 

B' 102; 

B' 73; 


T' cont. 

-2% 

+20% 

-31% 


no;; 




^ ' 


B' 107; 


B 80; W 93; +18% 


+ir.% 




24 hr. obstruction; 3.... 

33.37o 

33.3% 

33.3% 

100% 


T.-i; 

BlOO; 

T9; 

B 1.30; 


A 0 

B'73: 

A 0 

B' 75; 


n 107; 

-31% 


-59% 


B' 77; 





-31% 




4S hr. obstruction; 3.... 

33.3% 

00.0% 


100% 


TO; 

B87; 


BOl; 


A 5; 

B' 57; 


TV 04; 


T'C 

-34% 


-32% 


13 100; 





W 71; 





-29% 




72 hr. obstruction; l..., 

. 100% 



100% 


T 27; 



B97; 


A 12; 



B' 79; 


T'lC 



-18% 


B 97; 





B' 70; 





-lS7e 





Tlio minilwr ol dog.s In whicli thorp wa.c an inorease, no change or a (locroase in activity of 
tlio intc.stino is expressed in percentage. Tl’c average Increases in tone (T) and nnii)Iitude (A) 
of intestinal niovement are expre.‘.>^ed in inllliiiieters. Time (T') is expressed in minnles. Tlie 
average Idood sugar values liefore (I!) and after (B') the condiined administration of dextrose 
and insulin are given in milligrams with tlie percentage of gain or loss. 


Forty-Eight Hour Obstruction. — Three observations were made. In two 
instances, 75 cc., and in one, SO cc. of 10 per cent de.xtrose solution was introduced 
intravenousK'. In each instance, the amount of insulin combined with the dextrose 
was 40 units. Intestinal activiU' became evident between 30 and 35 minutes after 
the intravenous administration of the de.xtrose and insulin. The blood sugar 
decreased in each instance from an average normal value of 94 mg. to 64 mg. per 
hundred cubic centimeters of blood (32 per cent decrease). In two instances, no 
change in intestinal activity occurred. In one. however, there was an increase in 
amplitude of movement of 5 mm. without a concomitant rise in tone, which per- 
sisted approximatelv fi minutes. The prcliminarj' blood sugar value in the 
animal in which increased intestinal activity followed the injection of de.xtrose and 
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msuliii was 100 mg. per iuiiKirccI ciil)ic centimeters as compared witli the average 
i)Iood sugar value of 87 mg. in the two animals in which no intestinal response 
occurred. 

ScTriily-’I iCo Hour Obstruchou . — One observation was made. Scvent}’-five 
cvibic centimeters of 10 per cent dextrose solution and 10 units of insulin were 
given intravenously. The stimulating effect on the intestine was noted 18 minutes 
after the administration. The hlood sugar was decreased from 97 to 79 mg. per 
hundred cubic centimeters of blood. The effect on the intestine was marked, in 
that the intestinal tone and amplitude were increased 27 and 12 mm., respectiveh’, 
which effect persisted approximately 16 minutes (fig. 6). 



Fig. 6. — Kyniographic fracing showing the effect of dextrose solution and 
insulin combined on the 72 hour-obstructed intestine. There are three definite 
periods of increased intestinal activity, each consisting of an increase in tone and 
intestinal movement. These periodic increases in intestinal activity correspond to 
the cramplike pain experienced by human beings. 








Fig. 7. — Kj'mographic tracing showing the effect on the normal intestine of the 
administration of insulin which had been preceded by an intravenous infusion of 
de.xtrose. Time, tone and movement of ileum, and respiration are represented by 
a, b and c. As illustrated in the left. part of the tracing, the infusion of dextrose 
caused a cessation of intestinal movement. Nine minutes after completion of the 
dextrose infusion, insulin was administered, and 7 minutes later, as shown in the 
right portion of the tracing, there was a definite increase in intestinal tone and also 
in intestinal movement. 

EFFECT OF IXSULIN PRECEDED BY DEXTROSE OX THE XORM.VE AXD 
THE OBSTRUCTED INTESTIXE 

Normal Iiitcstiiic . — Two observations were made. In each instance, the animal 
bad received not only dextrose prior to the administration of the insulin, but a 
combination of dextrose and in.suiin. In one. subsequent to the initial infusion 
with dextrose and insulin, the animal had received two injections each of 7a cc 
of 10 per cent dextrose solution before the insulin was given. Increased mtestuia 
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activity occurred 7 mimUcs a\id 25 n\imitcs, rcsiicctively, after the injection of 40 
units of insulin (fig. 7). In each instance, there was a decrease in blood sugar 
from an average normal value of 193 mg. to 139 mg. per hundred cubic centi- 
meters of blood (25 per cent decrease). In one instance, there was no eflcct on 
the intestinal activity ; in the other, however, 7 minutes after the intravenous 
administration of insulin, there was a definite increase in activity as evidenced by 
an increase in tone and amplitude of 39 and 3 mm., respectively, which persisted 
6 minutes. 

Table 4. — Effect oj Iiisuliit Preceded by Dextrose on the Activity of the Intestine 


Condition of Intestine; 


Intestine 


Observations 

Increase 

No Change 

Decrease 


r.0% 

T 30 ; 

A 3; 

T'G 

B2SS; 

B' 210; 
-27% 

50% 

BOS; 

B' 09; 

—20% 


24 hr. obstruetion; 1.... 


1007o 

T 20; 

A 2: 

T' 2 




48 hr. obstruction; 2... . 

ioo7<, 

T 13; 

A 4; 

T' 12++ + 

D 207; 

B' 103; 
-49% 



72 hr. obstruction; 3.,.. 

00% 

T 2.5; 

A 3.3; 

T'S 

B 204; 

B' 48; 

-54% 

33% 

B1S2; 

B' 43; 

-70% 


90 hr. obstruction; 2.... 

50% 

T3; 

A2; 

T'S 

B 214; 

B' 96; 

—55% 

507<, 

B 205; 

B' 79; 

-01% 



Blood Sugnr 

Increase Decrease 

100 % 

B 103; 

B' 139; 
-23% 


100 % 

B 207; 
B' 103; 
-40% 


100 % 
B130; 
B' 40; 
-04% 


100 % 
B 209; 
B' 87; 
-3S% 


The number of dogs in rvhich there was an increase, no change or a decrease in aetivity of 
tile intestine is expressed in percentage. The average increase in tone (T) and amplitude (A) 
of intestinal movement arc expressed in iniiiimctcrs. Time (T') is expressed in minutes. The 
average blood sugnr value.s before (B) and after (B') the administration of insulin preceded 
i>y dextrose arc given in milligrams, with the percentage of loss or gain. 


Tiecnty~Fonr Hour Obstruction. — One observation was made. Twenty units 
of insulin was given 9 minutes after an intravenous injection of 75 cc. of 10 per 
cent dextrose solution. An increase in intestinal activity occurred 10 minutes after 
the administration of insulin. No blood sugar determinations were made. There 
was an increase in intestinal activity. The intestinal tone and amplitude were 
increased 20 and 2 nun., respectively, which activity lasted 2 minutes. 

Porly-Eiplit Hour Obstruction. — Two observations were made. In one instance 
m which 50 cc. of 10 per cent dextrose solution was given d minutes before 40 
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units of insulin, increased intestinal activity was noted 28 minutes after the admin- 
istration of insulin. In the other in which an injection of 50 cc. of 10 per cent 
de.xtrosc preceded the administration of insulin by 24 minutes, activity occurred 6 
minutes after the injection of insulin. In each instance, there was a decrease in 
blood sugar from a normal value of 207 mg. to 105 mg. per hundred cubic centi- 
meters (49 per cent decrease). The intestine was definitely stimulated in each 
case, there being average rises in tone and amplitude of 13 and 4 mm., respectively, 
which effect persisted in one for 8 minutes until another infusion of dextrose was 
made, and in the other for longer than 20 minutes (fig. 8). 

Scvcitty-Two Hour Obstruction . — Three observations were made. In each 
instance prior to the administration of dextrose that preceded the administra- 
tion of insulin, a previous administration of insulin had been given. The intestinal 
effect occurred, on an average, 12 minutes after the intravenous administration of 
40 units of insulin in two cases and 20 units in one case. In each instance, there 
was a decrease in blood sugar from a normal average value of 130 mg. to 46 mg. 
per hundred cubic centimeters of blood (64 per cent decrease). In one instance 
there was no ciiange in intestinal activity-. In two there occurred a stimulation of 


Fig. 8. — K 3 'mograpliic tracing showing the effect of an administration of insulin 
preceded by an intravenous infusion of dextrose on an intestine that had been 
obstructed for 48 hours. Time, tone and movement of the ileum, and respiration 
are represented bj" a, b and c. As seen in the left portion of the tracing, the 
intestine was inactive. About the midportion of the tracing, 26 minutes after the 
administration of insulin there occurred periodic increases in intestinal activitj', 
consisting primarilj^ in increases in amplitude of intestinal movement. 

the intestine, as evidenced bj' average rises in tone and amplitude of 2.5 and 3.S 
mm., respectiveh'. The average duration of the increased activity was 8 minutes. 

Niucty-Si.v Hour Obstruction . — Two observations were made. In each 
instance, an injection of insulin had been made before the infusion of dextrose 
preceding the second injection of insulin. In both instances, 40 units of insulin 
was used. The observations were made 47 and 52 minutes, respectively, after the 
intravenous injection of the insulin. In each instance, there was a decrease in 
blood sugar from a normal average value of 209 mg. to 87 mg. per hundred cubic 
centimeters of blood (58 per cent decrease). In one instance, there was no change 
in the intestinal activity; in the other, however, there iverc increases in tone and 
amplitude of 3 and 2 mm., respectively, which persisted over 8 minutes. The pre- 
liminarv blood sugar values in the animal in which stimulation of the intestine 
occurred was 214 mg. as compared with 205 mg. per hundred cubic centimeters in 
the animal in which no response occurred. 
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KKKIXT or niCXTUOSK I’KICCICDKI) UY INSUMN' ON TIIIC NOKIMAL ANIJ 
Tin: OliSTHUCTKO INTKSTlNi: 

Nonnal liitcsliin '. — Nine oliscrvations were made. In seven of these, the blood 
sugar determinations were complete, so that a correlation between the intestinal 
activity and the blood sugar could he made. In four not only a jirevious injection 
of insulin, hut also a previous infusion with dextrose had been made. The interval 
between the injection of insulin and the appearance of effect on the intestine varied 


Tahle 5. — Effect oj Dextrose Preceded by lusulin on the Activity of the Intestine 


Condition of Intestine; 


Intestine 


Blood Sugar 







Observations 

Increase 

No ChniiKt* 

Decrease 

Increase 

Decrease 

Normal; 9 

717e 
r -ti’i.n; 

A It.-l; 

T' S.."! 

B 130; 

B' 270; 
+107% 

14.8% 

B Oil; 

B' 142; 

+ 10.1% 

14.8% 

T .3; 

A 4; 

T' 4..3 

B 12.3; 

IP 2SS; 
+i;Wo 

100%, 

B 119; 

IP 203; 

+ 142% 


2t lir. obstruction; 3.... 

S0% 

TOO.S; 

A 7.3; 

T'3 

B 128; 

B' 203; 

+ 10,')7o 

20% 

B S3; 

B' 174; 
+109% 


100%, 

B 107; 

B' 242; 
+120%, 


JS lir. ob.structlon; S... . 

02% 

T IS; 

A 11.0; 

T' 10 

B71; 

B' 249; 
+204% 

2.-,% 

B C.->; 

B' 2.').->: 
+289%, 

12% 

T— 4; 

A 1.5; 

B 121; 

B' 200; 
+04% 

100%, 

B 74; 

IP 220; 

+ 190% 


72 lir. obstruction; 12... 

83% 

S.37o 

8.3% 

8.3.3% 

10.0% 


r|l 00 0« 

B 40; 

Tl; 

B 7,3; 

B 104; 


A7.S; 

B' 182; 

A 2: 

B' 218; 

B' 00; 


T/ 8.2+4- 
BSS; 

B' 207; 
+135% 

+3.7,3% . 

T' 24 

B 48; 

B' 102; 

+ 112% 

+178%, 

B SO; B' 179; 

-17% 

; +124%. 

9C hr. obstruction; 5,... 

00% 

T 7; 

A 2; 

T' 4., 7 

B .13 : 

IP 1.12; 
+1777e 

•10% 

B 105; 

B' 200; 
+90% 


lOO^c 

B74; 

B' 174; 

+ 139%. 



'J'lie miinlu'r of does In whicli there tens mi iiicreiise, no chnnite or ii ilccreiisc in nctivit.v of 
file Inte.stlne is exiircs.'eil in percentnne. The nveriinp inereiises in tone (T) iiinl mnpiitnde (.V) of 
intestlnnl movement are e.vpressed in millimeter.^. Time (T') is Riven in mlnnte.s. 'J'lic nveriiRe 
lilood siiRiir vniiies before (Ii) nnd after (IP) tile administration of insniln preceded by de.Nlrose 
are Riven in mliliRrams, ivitli tlie pereentiiRe of Rain or Ic.'S. 


between 31 and 125 minutes ; in the majority it was between 40 and 80 minutes. 
Witbin a very short time after the infusion with dextrose (from immediate response 
u|) to 7 minutes), the intestinal effect occurred (fig. 9). In only one instance was 
the time ns long as 25 minutes. In all but (wo cases. 75 cc. of 10 per cent dextrose 
solution was used, and in all but one instance, 40 units of insulin was cmiiloyed. 
In each instance there was an increase in the blood sugar from a normal average 
value of 119 mg. to 2()3 mg. per hundred cubic centimeters of blood (142 per cent 
increase). The average percentage increases in blood sugar varied from 43 to 2,^*'. 
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In seven (71 per cent) of tlie nine observations, tlicre was a definite increase in 
intestinal activity as evidenced by average increases in tone and amplitude of 46.3 
and 14.4 mm., respectively. The increases in tone varied from 5 to 85 mm., and 
the increases in amplitude varied from 3 to 25 mm. The average duration of the 
increased intestinal activity was 8 minutes. In one instance there was no change, 
and in another instance there was a decrease in the intestinal activity, there being 
decreases in tone and amplitude in the latter of 5 and 4 mm., respective!}'. 

Tzocitfy-Foiir Hour Obstruction . — Five observations were made. In each 
instance, the time that elapsed between the administration of insulin and the time 
that observations were made was relatively long, varying from 50 to 83 minutes. 
In three of the five instances, the originaf insu/in (40 units) was combined with 
75 cc. of 10 per cent dextrose solution. In each instance, there was an increase in 
blood sugar from a normal average value of 107 mg. to 242 mg. per hundred cubic 
centimeters of blood (126 per cent increase). The percentage increases in blood 
sugar varied from 108 to 226. There was an increase in intestinal activity in four, 



Fig. 9. — Kymographic tracing showing the effect of insulin on a normal intes- 
tine. Time, tone and movement of the ileum, and respiration are represented by 
a, b and c. As shown in the extreme left portion of the tracing, immediately fol- 
lowing the completion of the infusion of 75 cc. of 10 per cent dextrose solution 
there was a marked increase in intestinal activity consisting of. an increase in both 
tone and amplitude of movement. 

and no effect was noted in one. The increases in intestinal tone varied from 20 
to 88 mm., with an average of 50 mm. The increases in amplitude varied from 
2 to 20 mm. and averaged 7.5 mm. The average duration of the increased activity 
was 3 minutes. In the four instances in which an increase in intestinal activity 
occurred, the average blood sugar value before the administration of the dextrose 
solution was 128 mg. per hundred cubic centimeters, whereas the preliminary blood 
sugar in the one instance in which there was no change in intestinal activity was 
S3 mg. per hundred cubic centimeters of blood. 

Forty-Eight Hour Obstructiou.— Eight observations were made. The time that 
elapsed following the administration of the original insulin varied from 55 to 11a 
minutes. The time elapsing after the administration of the dextrose solution varier_ 
from 2 to 75 minutes. In the majority of instances, however, it was less than 
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minutes. In scvcr.il instances, a mnnbcr of infusions, as many as three, of 10 
per cent clc.xtrosc Iiad been given before the prc.scnt observations were made. In 
four instances, 50 cc., and in four instances, 75 cc. of 10 per cent dextrose solution 
was given after the insulin. Tlie blood sugar was increased in each instance from 
a normal .iverage of 74 ing. to 220 mg. per hundred cul)ic centimeters of blood 
(196 per cent increase). There was an increase in intestinal activity in five obser- 
vations, and no change in two and a decrease in one. In those instances in which 
the intestinal activity was increased, the increases in intestinal tone varied from 
10 to 28 mm., with an average of 11.6 min. This increased activity persisted for 
an average of 10 minutes. In the one instance in which a decrease in activity 
occurred, there was a decrease in tone of 4 mm., and a decrease in amplitude of 
1.5 nim. 

Scvciify-Two Hour Obstruction. — Twelve observations were made. In all of 
these, except one, blood sugar determinations were made. In many of the instances, 
repeated administrations of dextrose were made before the injection of insulin; in 
seven, two administrations of dextrose were made before the one that followed the 
injection of insulin. The length of time between the original administration of 



Fig. 10. — Kymographic tracing showing the effect of an intravenous administra- 
tion of de.xtrose which had been preceded by an administration of insulin on an 
intestine that had been obstructed for 72 hours. Time, tone and movement of the 
ileum, and respiration are represented by a, h and c. As shown in the extreme left 
portion of the tracing there was no intestinal movement. After the administration 
of approximately IS cc. of 10 per cent dextrose solution there was a marked 
increase in intestinal tone, with an increase in amplitude of intestinal movement. 
This persisted, following which there was a cessation of movement. The tone, 
however, remained elevated. 


insulin and the present observations varied from 41 to 362 minutes. The length 
of time from the infusion of dextrose to the observations herein reported varied 
from 1 to 58 minutes : in the majority of instances, however, the time was between 
20 and 30 minutes. With one exception (in which only 10 units of insulin was 
used), the original amount of insulin employed was 40 units. With but three 
exceptions (in which 50 cc. was nscdl. 75 cc. of 10 per cent dextrose was employed. 
In ten (83.3 per cent) of the twelve observations, the blood sugar was increased 
from an average normal of 75 mg. to 21S mg. per hundred cubic centimeters of 
blood (178 per cent increasel. In two instances (lb.fi per cent), a decrease in 
blood sugar occurred from a normal average of 104 ing. to 8b mg. (17 per cent 
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decrease). In ten (83.3 per cent) of tlic twelve instances, there resulted an increase 
in intestinal activity; the increases in tone varying from 3 to 60 mm,, with an 
average of 22.2 nim. ; the increases in amplitude varying from 2 to 25 mm., the 
average being 7.8 mm. (fig. 10). The average duration of this increased activity 
was over 8.2 minutes. In one instance there resulted no change in intestinal activ- 
ity, and in one there were decreases in tone and amplitude of 1 and 2 mm., respec- 
tively, which persisted for 24 minutes. The average preliminary blood sugar values 
were as follows : in those animals in which increased intestinal activity followed 
the administration of dextrose, 88 mg. ; in the one in which there occurred no 
change in activity of the intestine, 40 mg. ; and in the one in which a decrease in 
intestinal activity occurred, 48 mg. per hundred cubic centimeters of blood. 

Alncty-Six Hour Obstruction . — Five observations were made. The length of 
time by which the administration of insulin preceded the observations varied 
between 36 and 93 minutes ; in the majority of instances it was between 35 and 45 
minutes. The time that elapsed between the administration of dextrose and changes 
in intestinal activity varied from 1 to 50 minutes. In two instances, previous injec- 
tions of dextrose had been made. In each instance, 40 units of insulin was employed. 
In two instances, 50 cc., and in three instances, 75 cc., of 10 per cent dextrose solu- 
tion followed the injection of insulin. There was an increase of blood sugar in 
each instance from a normal average of 74 mg. to 174 mg. per hundred cubic centi- 
meters of blood (139 per cent increase). In three (60 per cent) of the instance.* 
there was an increase in intestinal activity with average increases in tone and 
amplitude of 7 and 2 mm., respectively. The average duration of this increased 
activity was 4.5 minutes. In two (40 per cent) instances, no change in intestinal 
activity followed the infusion with dextrose. 


RESUME OF OBSERVATIONS 

In comparing the effects produced by insulin and dextrose on the 
motilit)' of the normal intestine and that rvhich had been obstructed for 
varying periods of time, it was found that the difference in the reactions 
of the normal and the obstructed intestine to these substances was less 
marked than would possibl}^ be supposed. 

The effects of dextrose alone on the normal and the obstructed 
intestine were compared. In each instance observed there was a decrease 
in intestinal activit 3 ^ There was apparentl}' a less marked decrease in the 
activity of the intestine obstructed for longer than 24 hours than in that 
of the normal and that of the 24 hour-obstructed intestine. The average 
decreases in intestinal tone in the normal and in the 24 hour-obstructed 
intestine were 27.2 and 38 mm., respective!}’’, as compared with 15 and 
10 mm. in the 48 hour and 72 hour obstructions, respectively. Similar 
but less marked changes occurred in the amplitude of intestinal move- 
ment. This would indicate that the depressing effect of dextrose on 
intestinal activitv is more marked in the normal and in the 24 hour- 
obstructed intestine than in the one that has been obstructed for longe: 
periods of time. 

A comparison of the effects of insulin alone on the normal and the 
obstructed intestine seems to indicate that increased activity occurs 
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iiKiii' frniiu'iitly in tlic luirmal inlcstiiK- aiui tli;it oljslnictcrl for 24 lionrs 
t!i:in in llic oik' llint lias I)ci'n nhslniclal for lonixc-r |)crio(l.s of linn;. An 
increase in activity occurred in 101) i)er cent f 1 c.ase eticli ) in luAli llic 
normal intestine and that ohslrncted for 24 hours, whereas an increase 
occinred in 40 |)er cent. 4.3 ])er cent and 60 per cent ol ihtrse with IS. 
72 and 90 lionr ohstrnctions, respectively, d he nnmher of ohserv:ition..s 
made with the normal intestine and with that (jhslrncted for 24 hours is. 
however, too small from which to draw definite conclusions. 'J'hese 
observations would seem, however, to indicate that the normal intestine 
and that ohstnicted for 24 hours are more sensitive to the ,'iction of 
insulin than is the one in which an ohstniclion has existed for longer 
periods of time. 

4'he reaction of the normal inle.stine to the administration of dextrose 
and insulin comhined a|)i)arenlly did not diiVer from that occurring in 
one that had been ohslrncted for varying periods of time. 

There was a])]iareiitly some difference in the relictions of the normal 
and the obstructed intestine to insulin jtreceded lyv dextrose, not as 
regards the change in activity, but as regards the character of this 
activity. In those cases in which increa.sed activity (increase in tone) 
occurred, it was greater in the normal intestine and in that obstructed for 
24 bours than in the one that had been obstructed for longer periods of 
time. The average increases in tone in the normal and the 24 hour- 
obstructed intestine were 39 and 20 mm., respectively, whereas in 48, 72 
and 96 hour obstructions, the average increases in tone were 13.5, 2,5 
and 3 mm,, respectively. 

In comparing the effects that dextrose preceded by insulin had on 
the normal and the obstructed intestine, it is apparent that increased 
intestinal activity, as evidenced by increase in tone and amplitude, is 
more marked in the normal and the 24 hour-obstructed intestine than in 
the one obstructed for longer periods of time. The average increases 
in tone in the normal and the 24 hour-obstructed intestine were 46 and 
50 mm., respectively, whereas the average increases in 48, 72 and 96 
hour obstructions were 18, 22 and 7 mm., respectively. Suggestive 
similar differences exist as regards increases in amplitude, which, how- 
ever, are less marked. 

Of all the observations made concerning the effects of insulin on the 
activity of the normal and the obstructed intestine, 55.5 per cent con- 
cerned an inci'ease in intestinal activity; 38.8 per cent, no change, and 
5.5 per cent, a decrease in activity. In those instances in which an 
increase in activity occurred, there were average increases in tone and 
amplitude of 7.2 and 3.8 mm., respectively. The average duration of 
time of this increased activity was 6.1 minutes. In the one instance in 
which a decrease in activity occurred, there was a decrease in tone of 
10 mm., which persisted for 47 minutes. In each instance there was 
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a decrease in blood sugar from an average normal value of 118 mg. to 
75 mg. j)er hundred cubic centimeters (36 per cent decrease). It nia}^ 
be significant that the original average blood sugar value in those 
instances in which increased activity occurred was 129 mg. per hundred 
cubic centimeters of blood as compared with 96 mg. and 112 mg., 
respectively, in those in which there occurred no change and those 
showing a decrease in activity. 


Table 6. — Summary Slioiviug the Effect of Insulin and Dextrose Separately or in 


Various 

Combinat 

ions on the 

Activity of the Intestine 


Nature of Injection; 


Intc.stinc 


Blood 







Observations 

Increase 

Xo Change 

Decrease 

Increase 

Decrease 

Insulin alone; 17 

55,5% 

3S.8% 

0.5% 

0 

100% 


T7.2; 

B90: 

T 10; 


BUS; 


A 3.S; 

B'fl; 

AO; 


S' 75; 


T' 6.1 

—51% 

T'47 


—36% 


B 129; 


B112; 




B' 84; 


B'62; 




-27% 


—44.0% 



Dextrose alone; 16 



100% 

03%, (13) 

7% (1) 




T 22.9; 

Bl20; 

B 250; 

* 



A 6.9; 

B' 269; 

B' 149; 




T'8++ 

+113% 

-40% 




B 135; 

' V— 

J 




B' 260; 

B 135; B' 260; +92%, 




+02% 



Dextrose and insulin; 10 

44.3% 

.55.4% 


25% (2) 

75% (6) 


T 2; 

B92; 


Bsi; 

B 110; 


A 2; 

jy 75; 


B' 102; 

B'SO; 


T' 2 

—18% 


+26% 

-27% 


B121: 





■ -» 


IV 76; 



B103; B'79; 

—23% 


-37% 





Insulin preceded by 

707o 

307o 



100% (9) 

dextrose; 10 

T 12.3; 

B102; 



B17S; 


A 3.3; 

B'03; 



B'SO; 


T'9 

-61% 



— 50% 


B187; 






B'95; 






—49% 





Dextrose preceded bj’ 


19% 

10.8% 

94.8% (34) 

5.5% (2) 

insulin; 30 

T27; 

B 76; 

T3.5; 

B 89; 

B 104; 


A 8.3; 

S' 205: 

A 2.5; 

B' 229; 

B'S6; 


T'S+ 

+164% 

T'lO 

+150% 

—13% 


B92; 


B9S; 

V y. 

J 


S' 221; 


B' 184; 

B 89; B' 216; - 

-129% 


+140% 


+88% 




The mimhcr of dogs in ivhicli there was an incroa.'c, no change or a decrease in activits" of 
the intestine is expressed in i)ereentnge. The average inereases in tone (T) and amplitude (A) 
of intestinal movement are expressed in millimeters. Time (T') is given in minutes. The 
average blood sugar values before (J3) and after (BO the administration of insulin and de.x- 
troEo in milligrams, with the preecntage of gain or loss. 


Of sixteen observations concerning the effects of the intravenous 
administration of dextrose solution on the activit}-^ of the normal and 
tile obstructed intestine, 100 per cent concerned a decrease in activftj", 
the average decreases in tone and amplitude being 22.9 and 6.9 mm., 
respectively. The average duration of the decrease in activity was more 
than S minutes. In thirteen of the fourteen instances (93 per cent), 
there was an increase in blood sugar from an average normal value of 
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}2(t HILT, t" -O'* mij. i)cr Iitiiulml ctiliic cciid'iiicicr.s ( I J3 pc*r cent increase). 
In nnly inie instance was there a decrease in hlood siiftar. 'J'lie blood 
snj^nr lor tlie entire i;ronp was increased from an average normal value 
of 13.S mg. to 2o0 mg. jier Imndred cubic centimeters of blood (92 per 
cent increase). 

I'en ol)servations were made on tlie elTecls of dextrose and insulin 
comi)ined on liie normal aiul tlie obstructed intestine. In 44..S per cent 
the activity of the intestine was increased, whereas in 55.4 per cent there 
was no change. In those instances in which an increase in activit}' 
occurred, there were average increases in tone and amplitude of 2 and 
2 mm., respectively. The duration of the increased activit}^ was 2 
minutes. In six (75 iier cent) of the observations, there were decreases 
in hlood sugar from an average normal of 110 mg. to 80 mg. per 
hundred cubic centimeters (27 per cent decrease). In only two (25 
]ier cent) was there an increase in blood sugar. It is possibly significant 
that the average hlood sugar value in the group in which increased 
intestinal activity followed the administration of dextrose and insulin 
was 121 mg. as compared with 92 mg. in the group in which there 
occurred no change in intestinal activity. 

Ten observations were made concerning the effects of insulin pre- 
ceded by de.xtrose on the normal and the obstructed intestine. In 70 
per cent there was an increase in intestinal activity, whereas in 30 per 
cent there was no change. In those instances in which there was 
increased activity, the intestinal tone and amplitude of movement 
were increased 12.3 and 3.3 mm., respectively. The average duration 
of this increased activity was 9 minutes. In er'ery instance there was a 
decrease in blood sugar from an average normal value of 178 mg. to 
89 mg. per hundred cubic centimeters (50 per cent decrease). The 
average blood sugar value in the group in which increased activity 
occurred was 187 mg. as compared with 162 mg. in the group in which 
no change in activity occurred. 

Thirty-nine observations were made concerning the effects of dex- 
trose preceded by insulin on the normal and the obstructed intestine. In 
70 per cent, there was an increase in activity, consisting of average 
increases in tone and amplitude of 27 and 8.5 mm., respectively. The 
average duration of the increase in activit}' was 8 minutes. In 19 per 
cent there was no change in activity, and in 10.8 per cent there was a 
decrease in activit 3 % consisting of decreases in tone and amplitude of 
3.5 and 2.5 mm., respectively. The average duration of the decreased 
activity was 10 minutes. In 94.8 per cent of the instances, there was an 
increase in blood sugar from an average normal value of 89 mg. to 
229 mg. per hundred cubic centimeters (156 per cent increase). In 
only 5.5 per cent was there a decrease in blood sugar. There was less 
difference noted between the preliminarv blood sugar in those animals 
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in wliicli an increase, no change or a decrease of intestinal activit}’’ 
occurred than was seen in other experiments. The average values of 
the preliiniiiary blood sugar were as follows : dogs with increased 
activity of the intestine. 92 mg.: those in which no change occurred^ 
76 mg., and those in which a decrease in activit}" of the intestine resulted, 
98 mg. per hundred cubic centimeters of blood. 

COMM EXT 

In view of the results obtained in the present investigation concerning 
the effects of dextrose and insulin on the motility of the normal and the 
obstructed intestine, and the results of previous investigators concerning 
the effects on the motility of the stomach and the colon, it is suggested 
that dextrose alone, either as a preoperative or as a postoperative 
measure, should be employed cautiously, as without any exception in 
the present investigation the intravenous administration of dextrose 
solution produced a decrease in intestinal activity. The importance of 
the inhibiting effect of dextrose is probably more apparent than real, 
for, in the present investigation, even though the decreased intestinal 
activity averaged longer than 8 minutes, it is probable that in the 
majority of instances the h}"perglycemia produced b}" the intravenous 
administration of dextrose solution will be controlled by sufficient 
autogenous insulin (produced by the pancreas) to compensate for the 
increased quantity of sugar ( Sweeney, Escudero,’® Quigley, Hallaran 
and Barnes.^® That the intravenous administration of dextrose exerts 
an inhibiting effect on the motilit}" of the intestine is an important 
clinical fact. Even though in a normal person such inhibition may be 
of little practical importance, in one with an impending ileus or one in 
whom intestinal motility is not active, the intravenous administration ot 
dextrose solution may cause paresis of the bowel. The results of the 
present investigation suggest that the administration of insulin with 
dextrose solution not only will prevent the inhibiting action of the dex- 
trose but will actually increase the activity of the intestine. This effect 
is apparently most marked if the dextrose infusion is preceded by a 
preliminary administration of insulin. The administration of insulin 
alone, either preoperativel}" or postoperativelv in a nondiabetic patient, 
however, is probably not justified clinically, because of the danger ot 
producing hypoglycemic shock. If this method is employed, it should 
be used extremely cautiously, and then one should be guided bv blood 

14. Sweeney, J. S.: Dietary Factors That Influence the De.vtrose Tolerance 
Test, Arch. Int. Meci. 40:818 (Dec.) 1927. 

15. Escudero, P. : Latent Diabetes. Endocrinology 11:27, 1927. 

16. Quigley, J. P. ; Hallaran. W. R.. and Barnes, B. O. : Variations in Blood 
Sugar V’alues of Normal and V'agotomized Dogs Following Glucose .Administra- 
tion, J. Nutrition 5:77 (Jan.) 1932. 
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clctc-rminations. The iiiliibiliiig action of dextrose solutions is 
not due to the hyi)ertonicity of tlie solutions, because it has Ijcen demon- 
strated repeatedly, both experimentally and clinically, that intravenous 
administration of liypertonic salt solution stimulates rather than inhibits 
the intestine. That hyperf^lycemia itself is not responsible for the 
inhibiting elTect that dextrose solution has on intestinal activity is evi- 
denced by the dilYerencc in the results obtained in those cases in which 
the administration of dextrose solution was preceded by that of insulin. 
In the latter cases there was an increase in activity in 70 ])er cent, with 
average increases in tone and amplitude of 27 and S.5 mm., respectively, 
whereas in the former cases there was a decrease of activity in every 
instance, with average decreases in tone and amplitude of 22.9 and 
6.9 mm., respective!}'. The lack of correlation between the blood sugar 
values and the activity of the intestine substantiated the contention that 
the inhibiting clYect of dextrose solution is not due to simple hyper- 
glycemia. Of interest, however, is the fact that rather consistently in 
the present investigation a more marked increase in intestinal activity 
occurred following the administration of insulin either alone or in com- 
bination with dextrose v'hen the original blood sugar values were high. 
With but few exceptions, the administration of insulin produced an 
increase in activity of the intestine in those animals with relatively high 
blood sugar values, whereas either no change or a decrease in activity 
occurred in those animals with originally relatively low blood sugar 
values. The exact mechanism of the inhibiting effect of dextrose alone 
and the stimulating effect of insulin alone or combined with dextrose is 
not known. Some iiiA'estigations indicate that the changes are pro- 
duced by impulses passing over the vagi. In the present investigation, 
no attempt was made to determine the part pla}'ed b}' the nerve supply 
in the intestine. Because of the lack of correlation between the blood 
sugar values and intestinal activity, we are inclined to believe with 
Quigley and Templeton " that alterations in the cell metabolism may 
occur as a result of the administration of dextrose and insulin before 
blood sugar changes occur. It is probably for this reason that the 
most marked activity was obtained in those instances in which the 
administration of dextrose was preceded by that of insulin. In such 
cases not only was there an increase in intestinal activity in the niajorit}^ 
of observations but also the character of the reaction was marked. 

The fact that more prompt response in intestinal activity occurred 
in the normal intestine and that which had been obstructed for 24 hours 
than in the intestine that had been obstructed for longer periods of time 
(48, 72 and 96 hours) is significant. Less significant changes in activity 

17. Quigley. Johnson and Solomon.-’'’ Templeton and Quigley.® Quigley and 
Templeton." Quigley and Templeton.® 'Wilder and Schlutz.® 
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occurred in the intestine that IiacI been occluded for 48 hours or longer, 
probably because of alterations in the metabolism of muscle cells in the 
wall of the intestine or because of changes in the cells produced by 
dilatation of the intestine and possibly toxemia. As a result of these 
alterations, the irritability and the response to various stimuli including 
dextrose and insulin ma}'^ be lowered. 

Whether dextrose and insulin exert similar effects on the human 
intestine is difficult to sa}^, because the exact changes occurring in the 
intestine are difficult to determine clinically. Careful observation of a 
large number of patients receiving dextrose and insulin, particular 
attention being paid to changes in intestinal activity, will be necessary 
before definite conclusions can be drawn concerning the clinical signifi- 
cance of the experimental observations. It is our own observation that 
patients with disease of the gallbladder or of the liver, to whom dextrose 
has been administered because of damage to the liver have had more 
abdominal distention and not as smooth a convalescence as those with 
other abdominal lesions. We have alwa)'S attributed this to operative 
manipulation of the upper part of the abdomen, but it is possible that 
the administration of dextrose may have been at least partially respon- 
sible for the distention. In the present investigation, much larger 
doses of insulin (from 10 to 40 units) were employed than would be 
justified clinical W One should probably never use more than 1 unit 
of insulin for every 2 Gm. of dextrose. The doses of dextrose used 
were much smaller (from 1 to 10 Gm.) than those generally employed 
clinically. This fact ma)' be of clinical significance, for apparently in 
those instances in which large doses were used the inhibiting effect of 
dextrose alone was more marked than when smaller amounts were given. 

SUMMARY AND CONCLUSIONS 

1. Experimental!}" dextrose and insulin either alone or in various 
combinations produced marked changes in the activity of the normal 
and the obstructed intestine. 

2. The changes were more marked in the normal intestine and that 
which had been obstructed for 24 hours than in the one obstructed for 
longer periods of time (48, 72 and 96 hours). 

3. Insulin alone produced an increase in intestinal activity (both in 
the normal and in the obstructed intestine) in 55.5 per cent, the average 
increases in tone and amplitude being 7.2 and 3.8 mm., respectively. 

4. Dextrose alone caused an inhibition of intestinal activity (both in 
the normal and in the obstructed intestine) in every instance (100 per 
cent), the average decreases in tone and amplitude being 22.9 and 
6.9 mm., respectively. 
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5. Dextrose niul insulin combined resulted in an increase in intes- 
tinal activity in dd.5 per cent and no change in 55.4 per cent. 

6. Insulin jjreceded In’ dextro.se produced an increase in intestinal 
activity in 70 per cent and no change in 30 per cent. The average 
increases in tone and anijditude were 12.3 and 3.3 mm., respectively. 

7. Dextrose solution jircccded h}' insulin produced an increase in 
intestinal activity in 70 per cent, with average increases in tone and 
amplitude of 27 and S.S mm., respective]}'. In 19 per cent there was 
no change, and in lO.S per cent there was a decrease in activity. 

8. The experimental results indicate that dextrose solution exerts 
an inhibiting effect on both the normal and the obstructed intestine 
which can be largely obviated by the use of insulin. It is suggested that 
clinically dextrose alone be used cautiously, and that it be combined with 
insulin in order to minimize the inhibiting effect it may have on the 
intestine. 



EFFECT OF ALKALIS ON EXPERIMENTAL 
PEPTIC ULCER 


JACOB MEYER, M.D. 

AND 

HENRY H. RUBIN, M.D. 

CHICAGO 

The use of alkalis in the treatment of peptic ulcer is based on the 
assumption that the complete neutralization of hydrochloric acid by the 
administration of alkalis renders gastric peptic digestion inactive, and 
the granulation tissue of the ulcer heals. 

The purpose of the present study was to determine the effect of the 
administration of alkalis on experimental peptic ulcer as produced by 
Mann and Williamson.’- These observers were able to produce ulcers 
in dogs by surgical duodenal drainage; i. e., the junction of the pylorus 
and duodenum was severed and the duodenal end closed. The duodeno- 
jejunal angle was located, and the jejunum was followed down for a 
distance of from 10 to 15 cm., at which point it was transected. The 
proximal end of the jejunum was anastomosed into the terminal portion 
of the ileum from 20 to 30 cm. from the cecum by means of an end-to- 
side anastomosis. The distal end was sewed to the pylorus. Ulcer 
occurred at the site of the junction with the pylorus in from one day 
to three weeks. These dogs lived from one day to several months. 

Healing of the experimental ulcer was brought about by Mann - 
by occlusion of the pyloric opening proximal to the ulcer, which pre- 
vented the passage of the gastric contents over it, and the stomach was 
drained by means of gastrojejunostomy, the stoma in the jejunum being 
from 25 to 30 cm. from the ulcer. Mann found also that the drainage of 
the duodenal secretions back into the ulcer-bearing loop of the jejunum 
caused healing. The rate of healing was slower and the process more 
irregular as compared to the other procedure in which the ulcer was 
completely protected from the gastric secretions. The dogs lived from 
ten to fifteen days after the operation in most instances. However, 
some lived from twenty to thirty days thereafter. 

As far as we can determine, no attempt has been made to bring 
about healing of this type of ulcer by medical means. 

From the Universih- of Illinois, Department of Medicine, the Nelson Jforns 
Institute, and the Stomach Study Group, Michael Reese Hospital. 

1. Mann, F. C., and Williamson, C. S.: Ann. Surg. 77:409, 1923. 

2. Mann, F. C.: S. Qin. North America 5:753 (June) 1925. 
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Morton ^ was able to study the reparative jn-ocess of these ulcers 
roentgcnologically following gastro-enteroslomy. 

Dra.gsledt and Vaughn * found that alkalis in amounts sufficient to 
neutralize gastric secretions promote the healing of experimental gastric 
ulcers. They produced these ulcers hy injecting 4 per cent silver nitrate 
into the gastric mucosa and tlien placing from twenty to thirty sutures 
of heavy linen thread in this area ; the sutures, extending through the 
muscularis, were tied loosely and the cut ends permitted to extend into 
the lumen of the stomach. In four of si.x dogs chronic ulcers developed 
three and four months after operation. Then various combinations of 
sodium hicarhonatc, calcium carbonate and magnesium oxide were given, 
with the aforementioned results. 



EXPERIMENTATION 

Method . — Peptic ulcers were produced in dogs by surgical duodenal 
drainage as described by Mann and Williamson ( fig. 1 ) . The dogs were 
reoperated on about three weeks later in order to demonstrate the 
presence of an ulcer. As soon as they had recovered from the effects 
of this exploratory operation, feeding of alkalis was begun. Calcium 
carbonate was chiefly emploj'ed. In three instances a combination of 
sodium bicarbonate, calcium carbonate and magnesium oxide was used. 
In order to determine whether alkalosis developed, the carbon dio.xide 

3. Morton, C. B.; Ann. Surg. 85:207 (Feb.) 1927. 

4. Dragstedt, L. R., and Vaughn, A. M. : .^rch. Surg. 8:791 (May) 1924. 



Results m Fourteen Dogs 


Dog 

Dale 

of 

Opera- 

tion 

Date 

of 

Reoper- 

ntlon 

Pres- 

ence 

of 

Ulcer 

Medication, 

Amount 

Used 

Ko. 

Days Date 
Feed- of 
Ing Death 

No. 

Days 

Alive 

after 

Reopor- 

ation Comment 

Postmortem 

Findings 

1 

3/15 

4/11 

+ 

0 

0 

4/21 

10 

Control 

Perforating 
ulcer, peri- 
tonitis 

2 

0/ 1 

0/21 


0 

0 

0/20 

5 

Control 

Perforating 
ulcer, peri- 
tonitis 

3 

4/30 

5/21 


0 

0 

7/31 

71 

Control 

Perforating 
ulcer, peri- 
tonitis 

4 

0/25 

7/10 

-i- 

0 

0 

9/ 4 

50 

Control 

Perforating 
ulcer, peri- 
tonitis 

5 

7/22 

8/12 

0 

0 

0 

Killed 
1/14 
CO gas 

147 

Control 

No ulcer 

0 

9/ 3 

9/24 

■h 

1% HOI, 300 
cc. daily 

43 

11/17 

54 


Perforating 
ulcer, peri- 
tonitis 

7 

9/10 

10/ 1' 


!■% HCl, 300 
cc. daily 

87 

Killed 
1/14 
CO gas 

105 


Round ulcer 
present, 
adherent to 
adj acent 
duodenum 
with perfect 
walling off 

8 

3/10 

4/13 

+ 

Calcium car- 
bonate, 160 
grains dolly 

9 

4/27 

14 

Blood chemistry: 
CO:, 51 cc. per 

100 cc. plasma 

Perforating 
ulcer, peri- 
tonitis 

9 

3/13 

4/17 

0 

Calcium car- 
bonate, 180 
grains dally 

49 

Killed 

9/5 

CO gas 

141 

Gastric analysis: No ulcer 

0/13, no acid; 0/14, 
free 13, total 08; 

0/15, free 24, total S3. 

Blood chemistry: 

5/17, COc, 30 cc. per 

100 cc. plasma 

10 

4/13 

5/ 7 

-i- 

Calcium car- 
bonate, ISO 
grains daily 

22 

0/ 5 

29 

Blood chemistry: 
5/7, CO:, 55 CC. per 
100 cc. plasma 

Perforating 
ulcer, peri- 
tonitis 

11 

4/20 

5/17 

+ 

Calcium car- 
bonate, ISO 
grains daily 

23 

0/15 

29 

Blood chemistry: 
5/17, CO:, S3 cc. 
per 100 cc. plasma'. 
Gastric analysis: 
0/13, no acid; 0/14, 
free 0, total 23 

Perforating 
ulcer, peri- 
tonitis 


12 5/14 0/10 + 


13 10/30 11/19 + 


14 12/24 1/14 


Maencslum 24 7/22 

oxide, sodium 
bicarbonate, 
calcium car- 
bonate, 90 
grains ol cacli 

Magnesium 0 12/ 1 

oxide, sodium 
bicarbonate, 
calcium car- 
bonate, 100 
grains daily 
ot each 

Magnesium 22 2/13 

oxide, sodium 
bicarbonate, 
calcium car- 
bonate, 100 
grains dally 
ot each 


30 


Perforating 
ulcer, peri- 
tonitis 


12 


Perforating 
ulcer, peri- 
tonitis 


30 niood chemistry: Perforating 
1/19, CO:, 35 cc. ulcer, peri- 
per 100 cc. plasma; tonitis 
2/0, CO:, 50 cc. per 
100 cc. placma 
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coiUciU of the i)Iooci was determined in several instances. Determinations 
of the gastric acidity were also made in certain instances. 

Tlie anionnt of alkali and the period of time over which it was given 
apiK’ar in the table. 

Two dogs received 300 cc. of 1 per cent hydrochloric acid. 



Fig. 2. — Sections showing ulcers and perforation. 


Observation and Results . — The total number of dogs operated on was 
sixty-four. Of these, fourteen survived the first operation. These w’ere 
used for experimental purposes. In all except two of the fourteen dogs 
a typical peptic ulcer could be felt and demonstrated at the time of 
the secondary operation. Dogs 1, 2, 3, 4 and 5, used as controls, received 
no alkali and lived ten, five, seventy-one, fifty and one hundred and 
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forty-seven days respectively, after the secondary operation. In dog 5, 
however, an ulcer did not develop. Seven dogs receiving alkali lived 
from twelve to thirty-six days following the demonstration of the ulcer. 
Three of these dogs receiving a combination of approximately 100 grains 
(6 Gm.) each of sodium bicarbonate, magnesium oxide and calcium car- 
bonate lived thirty-six, twelve and thirt}’’ days and were in good physical 
condition. Of the other four dogs, which received 180 grains (11 Gin.) 
of calcium carbonate, three lived fourteen, twenty-nine and twenty-nine 
days, and one that had no ulcer lived for one hundred and forty-one 
days. The ulcers at autopsy showed no evidence of healing, and death 
Avas due to perforative peritonitis. Tavo dogs Avere given 300 cc. of 1 
per cent hydrochloric acid ; one lived fift3'-four days, and the other Avas 
killed with carbon monoxide gas at the end of one hundred and five days. 
The first dog died of perforatiA^e peritonitis and the second dog shouted 
a healed ulcer Availed off by the duodenum. 

Chemical examination of the blood did not reveal the presence of 
alkalosis in any instance. The normal carbon dioxide content of the 
blood of the dog is betAA'een 40 to 50 cc. per hundred cubic centimeters of 
plasma. 

On dog 11 gastric analyses Avere made a fcAV daj^s before death. A'o 
acidity was found on two occasions. In dog 9, in AA'hich an ulcer did 
not develop and AAdiich receh'^ed the same amount of alkali as dog 11, the 
first analysis shoAved no acidity, the second analysis on the day foIloAving 
shoAved 31 degrees of free acidity and 68 of total acidity, and the third 
analysis a da)'’ later revealed 24 degrees of free acidity and 33 of total 
acidit)'. 

In every animal that died postmortem examination showed a per- 
forated peptic ulcer with generalized peritonitis. 

SUSIMARY 

An attempt Avas made to study the effect of alkalis on experimentally 
produced peptic ulcers. The results do not support the A'ieAV that alkalis 
are a factor in aiding the healing of ulcer. The dogs receiving alkali 
did not live longer than the controls that received no alkali. The end- 
results Avere the same, perforation and peritonitis occurring in all. The 
administration of large amounts of 1 per cent hydrochloric acid 
apparently had no influence in hastening the perforation of the ulcers. 



REACTIONS OF THF. RAT TO AVERTIN CRYSTALS, 
A\-‘ERTIN ]-'LU]D AND AMYLENE HYDRATE 


O. \V. BARLOW, iM.D. 

CI.KVEt.ANU 

Avcrtin (tribroinctiiaiiol) was first introduced for clinical use as a 
crystalline preparation to be administered rectally as a 2.5 to 3 per cent 
solution in distilled water. The low solubility of the preparation in 
water (3.5 per cent at 40 C.) necessitates the rectal administration of 
relatively large volumes of fluid. At temperatures above 40 C. solutions 
of avertin decompose into hydrobromic acid and dibromacetaldehyde. 
Owing to these disadvantages, avertin fluid has largely displaced the 
aqueous solutions for clinical uses. 

Avertin fluid contains in each cubic centimeter 1 Gm. of avertin 
crystals and 0.5 cc. (407.5 mg.) of tertiary amyl alcohol (amylene 
hydrate). This preparation is said to be more stable than the aqueous 
solutions of avertin, and the amylene hydrate has been reported to 
accelerate the rate of absorption of the solute from the rectum. In addi- 
tion, since the solvent alone is somewhat hypnotic, the combination of 
avertin and amylene hydrate might result in a summative action ; i. e., the 
solvent, according to Raginsky, Bourne and Bruger,’- adds to the sedative 
and anesthetic properties of avertin. 

The literature on avertin is extensive, but in practically all of the 
experimental work and in the majority of the clinical studies a watery 
solution of the avertin crystals has been used rather than avertin fluid. 
During the course of another study distinct differences between the 
effective or sedative dosages of the crystalline or aqueous forms, and the 
fluid or amylene hydrate solutions of avertin were observed in rats. 
These observations were at variance with the statements of Raginsky, 
Bourne and Bruger regarding the results in the dog and in man. 

METHODS 

Normal adult albino rats were used in all experiments. The “complete sedative 
action” was determined by recording the tranquilizing effects of the several prepa- 
rations on the spontaneous movements of the rat when tied down on an animal 
board. Details of the method have been published elsewhere." 

From the Department of Pharmacology of the School of Medicine of Western 
Reserve University. 

1. Eaginskj', B. B. ; Bourne, W., and Bruger, M. : .T. Pharmacol. & Exper. 
Therap. 43:219, 1931. 

2. Barlow, O. W. : The Tranquilizing Potency of Jforphine. Pantopon, 
Codeine, Papaverine and Narcotine: Results of Tests on the Rat, J. A. M. A., 
99:986 (Sept. 17) 1932. 
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The preniedication dosage was determined by gradually increasing the doses 
until the animals could be maintained in a reflex-free state for at least thirty min- 
utes in an atmosphere containing S5 per cent of nitrous oxide and IS per cent of 
oxygen. 

The narcotic or completely anesthetic dosage was considered as that which 
rendered the animals reflex-free. The most suitable index found was inhibition of 
the reaction to pain when the hind feet were pinched with a hemostat. 

The lethal dosages were determined on a relatively large series of rats because 
of the marked variability in the reactions of different animals to avertin fluid and 
to amjdene h 3 'drate. The lethal dose was considered as that which kills at least 
seven of a minimum series of eight animals within six hours with avertin or avertin 
fluid, or within fourteen hours with amjdene hj’drate. No differentiation between 
early and late deaths was deemed necessary. 

The preparations were injected either subcutaneously or rectallj'. The avertin 
crystals were dissolved in distilled water and administered in a 2.5 to 3 per cent 
solution. The avertin fluid was administered as 25 to 100 per cent solutions of 
avertin in amjdene hydrate. The amjdene hydrate was administered either as an 
8 per cent aqueous solution or undiluted. 

RESULTS 

The table illustrates for the three preparations the observed sedative 
premedication, narcotic and lethal dosages, as well as the time of induc- 
tion and duration of sleep and time until complete recovery with sublethal 
doses and the time until death with lethal dosages. The survivals (O') 
and deaths (+) with various dosages are illustrated in the chart. 

Avertin Crystals, Subcutaneous Administration . — The ratio of the 
sedative, premedication and narcotic to the lethal dosage was 0.39, 0.58 
and 0.62 : 1 , respective!}'. The margiir between the sedative and the pre- 
medication dose was wide, and intermediate doses produced moderate 
to deep anesthesia, but complete elimination of the reaction of pain 
(strong pressure on the foot with a hemostat) required a dose of 450 
mg. per kilogram of body weight. 

The time of induction was very short, i. e., within from one and one- 
half to three minutes, and the medium duration of sleep was less than 
one hour but varied from six-tenths to one and three-tenths hours. Com- 
plete recovery required approximately trvo and one-half hours. Death 
following the injection of lethal doses usually occurred rvithin one and 
one-fourth hours, but varied from eight-tenths to two hours. 

Rather marked variability between the reactions of different animals 
to the same dose u-as noted. Lethal reactions were obserr-ed with onh' 

83 per cent of the usual lethal dose, and recoveries occurred excep- 
tionallv with doses well above the amount usually lethal. 

Avertin Fluid. Subcutaneous Administration.— The reactions to 
avertin fluid differed markedly from a quantitative standpoint from 
those noted following the injection of a similar dose of avertin in an 
aqueous solution. With avertin fluid, the time of induction and duration 
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of sleep and time until complete recovery were markedly prolong'ed, and 
the pioduction of a standard reaction, for instance, sedation or narcosis, 
required considerably higher doses. 

The sedative and preinedication doses of avertin fluid were two and 
four-tenths and two and three-tenths times the doses of avertin crystals, 
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and the doses required for narcosis or lethal reactions were appro.xi- 
mately twice those of the cr}-stals, in spite of the fact that the lethal 
dose of avertin fluid contains, in addition to 1,400 mg. of avertin cr 3 'stals, 
41 per cent of the minimum lethal dose of amylene hydrate. The vari- 
ability in the reactions to the am}'lene h.vdrate solution of avertin ^vas 
also markediv greater than in the case of the waterv* solution. 
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Aviyiriic Hydrate. Subcutaneous Administration. — Amylenc hydrate 
subcutaneously produces transient irritation, local hemolysis and edema, 
but no caustic action or slouyh was observed. The doses required for 
sedative or complete narcotic e/Tects arc quite large, and the margin 
between the sedative, narcotic and letbal doses is rather narrow. 

The time of induction or onset of sleep which is an index of absorp- 
tion was somewbat longer, while the duration of sleep and tbe time until 
complete recover}’ after narcotic doses or tbe time to death after lethal 
doses were from two and one-half to three times as long as was noted 
with avertin fluid. The lethal dose of amylene hydrate is about the same 
as that of avertin in the form of avertin fluid, which contains, in addi- 
tion to avertin, 29 per cent of its weight of am 3 dene hydrate. 

The action of the amylene h 3 ’drate per se in the dosage ratio present 
in the completely narcotic dosage of avertin fluid given subcutaneously 
would result in moderate sedation, a 20 per cent increase in respirator}’ 
rate, a somewhat greater decrease in respiratory volume and a 35 per 
cent depression of minute volume. 

Simultaneous Injection of Avertin and Amylene Hydrate. — Although 
avertin and amylene hydrate act in the same depressive direction, their 
combination in avertin fluid actuall}’ decreases the depression and tox- 
icity for rats to half or less that of the watery solution, as was noted. 
The nature of this apparent contradiction of reactions was investigated 
by the subcutaneous injection of various doses of an aqueous solution 
of the avertin crystals into one abdominal quadrant and at the same 
time the injection into the opposite quadrant of the quantity of amylene 
hydrate present in an equal dose of avertin in the form of avertin fluid. 

Animals given injections of avertin alone or of avertin and amylene 
hydrate at separate sites reacted alike so far as induction or depth of 
anesthesia or toxicity was concerned. The time to complete recovery 
was distinctly greater in the latter series and indicated that the effects 
of the longer acting amylene hydrate become apparent after those of the 
more evanescent avertin are passing off. 

These data show that the diminished toxicit}’ of avertin when it is 
mixed with amylene hydrate is not due to any physiologic antagonism, 
since it does not occur if the two preparations are injected at different 
sites. The toxic action must therefore be indirect, presumabi}’ by slowed 
absorption, the amylene hydrate retaining a large part of the avertin at 
the site of injection, because of the greater solution afirnit}’, until the 
solvent itself is completel}’ absorbed. The slow recoveries of surviving 
animals ma}’ perhaps involve an additional factor, namel}’, delayed 
urinar}’ excretion, since hematuria was observed regularly after medi- 
cation with moderate doses of either am 3 ’lene Iwdrate or avertin fluid. 
However, this suggestion has not been investigated further. 
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.■li’crtiii Cryslals. Rccltil .■hhiiiiiisli'alioii. — llie rectal administration 
of a 2.5 t(j 3 ])cr cent atjueous solution of avcrtin is not satisfactory^ in 
the rat owing to the excessive volume required for studies of toxicity. 
However, no significant quantitative or qualitati\'e diflerences in the 
responses to avertin were noted whether the avertin was administered 
subcutaneously or rectally. After rectal administration, the time of 
induction and duration of sleep were slightly longer and the range was 
wider than after the subcutaneous injection of similar doses. On the 
other hand, complete recovery from narcotic doses, or death from lethal 
doses, occiu'red slightly earlier after rectal than after subcutaneous 
injection. 

Tunger ^ differentiated between the rectal dosages that produce early' 
and late deaths. His fatal dosage for early deaths has been confirmed, 
but as the dift'erence between the late and the early fatal dosage is only 
9.6 per cent, the significance of such a differentiation is questionable. 
In the present study, fatal reactions occurred within one and one-half 
hours as a rule; so only' early deaths are considered primary'. 

Avertin Fluid, Rectal Administration . — The sedative, premedication 
and narcotic doses of avertin in amydene hydrate for rectal administra- 
tion were between 20 and 25 per cent greater than those required when 
distilled water was used as the solvent. 

These data indicate that small to moderate doses of avertin 
fluid are distinctly' more effective ^vhen given by' rectum than on sub- 
cutaneous injection. The effectiveness of avertin fluid rectally in such 
doses approaches that of an aqueous solution of the ciystals. This 
greater efficiency of avertin fluid by' rectal as compared with subcu- 
taneous administration does not hold for fatal doses, for the fatal doses 
by the two routes are practically identical in effect. Rectal adminis- 
tration of avertin fluid gives, therefore, a much wider margin of safety 
between the narcotic and the fatal dose than does subcutaneous admin- 
istration. This may be explained by' the assumption that the absorption 
of the smaller doses of amylene hy'drate is much more rapid from the 
rectal than from subcutaneous injections, but that, with larger doses, 
the rectal rate of absorption becomes slowed to that of the subcutaneous 
injection, and avertin is retained by solution affinity. The matter has 
not been tested directly, but that amylene hydrate slows the rectal 
absorption of avertin is indicated by the slower onset of sleep, the wider 
range of reactions and the longer duration of sleep. Complete recovery 
from avertin fluid was somewhat earlier (20 per cent) after rectal than 
after subcutaneous injection, but the duration of action, irrespective of 

3. Tunger, H.: Arch. f. exper. Path. u. Pharmakol. 160:74, 1931. 
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tlic inoclc nf nflinini.'^tivUioii, was inarkcclly Ioii£,a’i' than after the devclop- 
nieiil of a similar reaction by means of an atiiicous solution of the 
crystals. 

Ainylcuc Hydrate. Rrctol Adniinisiralioii. — "J'hc rectal dosage of 
amylcne hydrate is slightly (from 13 to 14 per cent) less, the absorption 
rate is somewhat more rapid and the duration of action is correspond- 
ingly shorter than when the preparation is administered sul)cutaneously. 
The difi'erences observed were not significant. 

COXCIA'SION'S 

1. The sedative, iwcmedication, anesthetic and lethal doses of avertin 
crystals, avertin fluid and amylcne hydrate have been compared, fol- 
lowing both subcutaneous and rectal administration to the rat. 

2. The eft'cctivencss and toxicity of an aqueous solution of avertin 
are markedly greater than those of equal doses of avertin dissolved in 
amylene hydrate, i. e., avertin fluid. This difference in action is due to 
a distinct delaying effect of the solvent on the rate of absorption of 
ar’ertin. 

3. The time of induction is slower and the duration of action fol- 
lowing the injection of avertin fluid is distinctly greater than after the 
development of an equal reaction by means of a watery solution of 
avertin. 

4. The slow recovery after the administration of avertin fluid occurs 
also when the two ingredients are injected at different sites, and is there- 
fore not explainable by delayed absorption ; it must be attributed to the 
persistent depressive effect of the amylene hydrate. 



SIMULTANEOUS RESPIRATORY EXCHANGE AND 
BLOOD SUGAR TLAIE CURVES 

Ol^TAlNKI) IN AI’PAKIiXTLY XONDIAHIiTlC PATJnXTS WITH 
XOXIIKALIXG WOHXDS 

I. V. RABIXOWITCH. M.D. 

MONTREAI., CANARA 

It is a well known fact that surgical wounds tend to heal slowly or 
not at all in the patient Avith uncontrolled diabetes. In this phenomenon, 
one of the surgeons at the Montreal General Hospital, Dr. A. T. Bazin, 
had the impression that an explanation might be found of nonhealing 
wounds met Avith in apparently nondiabetic patients and suggested an 
inA’^estigation of the carboh 5 Mrate metabolism in such cases. The experi- 
ence \\dth the first case so investigated Avas previously reported.^ Briefly, 
the findings, as reported by Dr. Bazin, Avere as folloAvs ; 

A female, aged 47, A%’as admitted on Oct. 14, 1924, Avith an indolent ulcer on the 
dorsum of the right foot. In August she had suffered a slight abrasion of that 
area which became infected. The im'olved area rapidly spread and, in spite of 
active treatment, the skin sloughed over an area of 5 by 4 inches. After an 
interA’al a Thiersch graft Avas transferred from the thigh, but Avith no result except 
that she then had two ulcers instead of one, the thigh wound also failing to heal. 

On admission, the ulcers presented an indolent appearance Avith pale flabby 
granulations and excessive discharge. The patient was somewhat obese, but 
otherwise the physical examination was negative in every particular. Repeated 
urinalysis failed to show any abnormality. The Wassermann test Avas negative. I 
taxed my ingenuity to stimulate healing, ringing the changes Avith various forms 
of dressings and applications and different modes of physiotherapy. The ulcer 
Avould heal almost completely Avhen suddenly the ncAV epithelium Avould melt away 
leaving the area of granulation about the same size as Avhen first seen. 

Finally, on Januarj’' 13, tAvo months after admission, an e.xamination of the blood 
obtained in the fasting state showed a blood sugar of 0.161 per cent — a hyper- 
glycsemia but beloAv the normal urinary threshold. With regulation of the diet this 
promptly dropped to normal (0.08 per cent) ; the ulcers healed, and the patient Avas 
discharged on February 2, only tAventy daj's after discovery and correction of the 
real cause of the delayed healing. 

In this case, neither the history nor the signs and symptoms sug- 
gested diabetes, other than tlie sJoav healing of the Avound. At no time 
was there any glycosuria. The patient AA^as readmitted for examination 
on Dec. 2. 1931, approximately seven years later. There Avas, again, no - 


From the Department of Metabolism, the Montreal General Hospital. 
1. Bazin, A. T.: Canad. if. A. J. 23:146 (.4.ug.) 1930. 
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misoii to siispfct diabetes. On admission, in the fasting state, the urine 
was free front sugar and acetone Iiodies, tlie blood sugar was 0.116 per 
cent, and tlie idasnia cholesterol was 0.187 per cent. On the following 
day, a blood sugar time curve was obtained, following the administration 
of 100 Gm. of dextrose, with the following results: 


TIino Blood Supnr 

riiFtinp Ptnto 0.114 per cent 

:'0 ininiitcp niter dextrose 0.12C per cent 

r*0 minutes nfter dextro.'se O.llC per cent 

120 minutes nfter dextrose 0.111 per cent 

ir.O minutes nfter dextrose.. 0.100 per cent 


Following this experience, analj'sis of the blood sugar has been a 
routine procedure in cases in which a similar condition has been sus- 
pected. A common finding is mild hyperglycemia, in spite of the fact 
that all examinations of the blood sugar are, as a routine, made in the 
morning in the fasting state, from twelve to fifteen hours after the last 
meal; the blood sugars usually range between 0.13 and 0.16 per cent. 
That these findings are not accidental may be seen from repeated 
analyses of the blood made at dififerent intervals of time. The results in 
a case met with recently are cited as an example ; 

Blood Sugar, Time Interval Between 


Date per Cent Tests, Days 

rebruary 10 0.143 

17 0.139 1 

19 0.131 2 

22 O.ISI 8 

29 0.140 7 

March 7 0.149 14 


Because of these experiences, when blood sugars during fasting were 
found normal in suspected cases, a more detailed study of the carbo- 
hydrate metabolism was made with the use of blood sugar time curves 
following the administration of dextrose. With this practice, it was 
found in many cases that, though the fasting blood sugars were normal, 
the curves indicated disturbed carboltydrate metabolism. Treatment of 
these patients with diet and insulin led, in the great majority of cases, 
to healing. 

Because of routine precautions, technical error is excluded with 
respect to the estimation of blood sugar, and the routine method for 
obtaining blood sugar time curves has also minimized the vagaries of 
this test. It may be observed that merely giving a person 100 Gm. of 
dextrose by mouth and making examinations of the blood sugar at 
periodic intervals ma}^ lead to almost an}"- type of cur^'e — normal in the 
abnormal and abnormal in the normal person. A variety of precautions 
is essential. In addition to accuracy of the estimation of blood sugars, 
preparation of a palatable drink and accurately timed collections of blood 
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arc aiiioii.!^ llic iiiaiiy variables wliicli lia\'c to l)c considered in the iiiter- 
prelatioii of sneb curves. Some of tliese were (.leall willi previously by 
Rabinowitcli and ].?azin.- 

Pronipted by these e.Nperiences in the surgical wards, the gynecologic 
service altcni])ted to find an explanation for nonhealing wounds met 
with in cases of ‘‘birth trauma” and as a result of an intensive routine 
investigation, a fairly high incidence of the aforementioned condition 
was met witii; thougli wounds failed to heal at the normal rate prior to 
treatment, with diet and insulin therapy, wounds would heal at the 
normal rate. Tliat the number of such cases is appreciable is suggested 
by the fact that eighteen patients were discovered in this service during 
1931 alone. 

For some time, in spite of the experiences described, I was skeptical 
about the value of insulin in these cases. Since the discovery of insulin, 
there has been an increasing literature with respect to the use of this 
therapeutic agent in conditions other than diabetes. These conditions 
have included gastro-intestinal disturbances in children, postoperative 
vomiting, vomiting during pregnane}' and others. j\Iore recently, insulin 
has been given as an antiemetic ^ and also has been advised in the treat- 
ment of gastric ulcer. ■* In 192S, Rabinowitch and Bazin ® made a study 
of blood sugar and respiratory metabolism time curves of normal per- 
sons following the simultaneous administration of dextrose and insulin. 
From the results obtained, it was concluded that, unlike its effects on 
diabetic persons, insulin did not increase the rate of oxidation of 
administered carbohydrates in normal persons. As a matter of fact, a 
decreased rate was observed, and it was suggested that insulin not only 
does not enhance oxidation of sugar in the normal person, but, in some 
as yet unexplained way, interferes with the normal mechanism. The 
data seemed to fit in with those previously obtained by others in animal 
experiments. Macleod observed that there is a striking difference 
between normal and diabetic persons, and that the endogenous supply 
of insulin is always at an optimum in the normal animal. “ The only 
reason, therefore, for the use of insulin in the present series of cases 
was that, though the patients did not appear to be diabetic, there was 
no doubt about some abnormality of the carbohydrate metabolism, and, 
though skeptical for some time, with the accumulation of a fairly large 
number of cases it would appear that the relationship obser^^ed between 
treatment and result was causal and not accidental. 

2. Rabinowitch, I. M., and Bazin, A. T.; Ann. Surg-. 94:354, 1931. 

3. Elias, H., and Violin, E.: Ztschr. f. d. ges. e.xper. Med. 59:61, 1928. 

4. Code, A., and Barral, P.: Monde med., Paris 40 : 49 /, 1930. 

5. Rabinowitch, I. M., and Bazin, E. V.: J. Biol. Chem. 80:723, 1928. 

6. Macleod, J. J. R.: Carbohydrate Metabolism and Insulin, Rew York, 
Longmans, Green & Co., 1926. 



R.lBl saw ITCH— HUiOn SUGAR CURVES 


699 


It is of iiilcTfst to observe that some of these patients were remark- 
ahly resistant to insulin. TIic usual dosage in such cases is 5 units every 
six iiours. in accordance with our experiences witli diabetes that small 
amounts of insulin piven at frequent intervals control blood sugars much 
better than large amounts given at less frequent intervals. \Ve now 
have a number of records at the hospital which show that some of 
these patients, though apparently not diabetic, were able to tolerate as 
mnch as LS units of insulin every six or eight hours, that is, from 45 to 
60 units of insulin a day, in spite of the absence of marked hypergly- 
cemia; as previously stated, the blood sugars ranged between 0.13 and 
0.16 per cent, ^^’e also had a number of cases showing resistance to 
the same doses of insulin, though the blood sugars obtained in the 
fasting state were normal. In these cases, the disturbed carbohydrate 
metabolism was detected by the use of blood sugar time curves. 

In view of the foregoing observations, it was considered of interest 
to make a further study of the carboh 3 'drate metabolism. The method 
employed was that which has been in use in this laboratory for a number 
of years. It was first applied in our laboratory to a study of renal glyco- 
suria," and since then has become a standard procedure, hundreds of 
such tests having now been made. The method consists of a simul- 
taneous determination of blood sugar and respiratory metabolism time 
curves following the ingestion of dextrose. That it is an ideal method 
of studying carbohydrate metabolism may be seen from the following 
observations. 

Blood sugar time curves, when obtained without simultaneously 
determined respiratory metabolism curves, yield limited, though useful, 
information. The only indications of a hyperglycemic response to dex- 
trose are (a) that the dextrose ingested, or at least part of it, has been 
absorbed, and {b) the degree of hyperglycemia is some indication of 
tolerance, namely, an index of the disproportion between the rate at 
which dextrose is being absorbed from the alimentary canal and the 
rate at which it is being utilized. (By utilization is meant the combined 
mechanisms of oxidation and storage.) The respiratory metabolism is 
a quantitative index of oxidation. 

There are many necessary precautions to be taken in order to be 
reasonably certain that the respiratory quotients obtained during these 
tests approximate true metabolic conditions. As is well known, the 
respiratory quotient at the mouth is not necessarily the respiratory quo- 
tient in the body tissues. There are many factors, technical, ps 3 xhologic, 
etc., which influence quotients and make difficult their interpretation. 


7. Finley, F. G., and Rabinowitch, I. M.; Quart. J. Med. 17:260, 1924. 
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1 he possible sottrees of error and details of tlic precautions nccessarj' 
were jn'eviously discussed i)y me.* *' Jt is therefore unnecessary to repeat 
them here. 

Respiratory exchanj^^e and blood sugar analyses were made before 
and thirt}-. sixt}-, one hundred and twent}'' and one hundred and fifty 
minutes after the oral administration of ICX) Gni. of dextrose. For the 
calculation of grams of carbolnxlratc oxidized per hour, urinarj’’ nitrogen 
estimations were not made, because of the uncertainty that the urinary 
nitrogen obtained at the time of the test represents the protein metabo- 
lism of that i^eriod. fifteen per cent of the total calories per hour were 
allowed for the protein metabolism.^ The remaining calories, assumed 
to be derived from the carbohydrates and fats, were apportioned accord- 
ing to the Zuntz-Schumberg tables as modified by Williams, Riche and 
Lusk.’“ The results of such a study, including the blood sugar time 
curves obtained at the time of the test, are recorded in table 1. 


Table 1. — Respiratory Metabolism and Blood Sugar Time Curve Obtained 
Simultaneously Follotoing Ingestion of Dextrose * 


Rcsplrntory E.xchnngp, Resplrntorr 

Liters per Hour Quotient Cnlorlcs Groms of 

, 1) , . « , , « , Cnrbo- 

Corbon Percentage hydrate Blood 

Osygen Dioxide Increase Oxidized Sugar, 

Consutnp- Produc- Xon- Per Above per per 


Period tion tion Total proteinf Hour Basal Hour Cent 

Fasting 11.65 9.07 0.SS0 0.835 55.72 .. 5.0 0.113 

Given 100 Gm. of dextrose in 2S0 cc. of water flavored with lemon juice 

30 min. later 12.09 9.71 0.804 0.802 57.44 3 3.9 0.172 

60 min. later 12.28 10.06 0.818 0.822 58.59 5 5.2 0.232 

120 min. later 12.48 9.91 0.794 0.794 58.98 6 8.6 0.250 

ISO min. later 11.87 9.69 0.817 O.SIS 56.65 2 4.6 0.244 


* The patient was a woman, aged 36. 

t Calculated by allowing 15 per cent of the total bent production for protein metabolism. 


It will be observed that there was a definite decrease in the rate of 
oxidation of carbohydrates, according to: (a) the respiratory exchange, 
(b) the grams of carbohydrates oxidized per hour and (c) the specific 
dynamic action of the ingested dextrose; there was no increase of the 
respiratory quotient, compared with the normal of 0.12, and the maxi- 
mum increments of oxygen consumption and carbon dioxide and heat 
production were 4, 7.1 and 5.8 per cent, respectively, compared with the 
normal averages of about 12, 25 and 14 per cent. The maximum 
amount of sugar oxidized per hour was 5.2 Gm., compared with the 
normal of 10 Gm. or more. 

In all, twenty cases were similarly investigated. Because of possible 
sources of error met with, namely, overventilation, apprehension, rest- 
lessness and cough, the results of only thirteen experiments were 


8. Rabinowitch, I. M.; J. Clin. Investigation 2:143, 1925. 

9 Voit, E. : Ztschr. f. Biol. 41:188, 1901. 

lo! Williams, H. B.; Riche. J. A., and Lusk, G.: J. Biol. Chem. 12:349, ;9]2. 
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regarded as satisfactory and comparable with the normal. A summar)' 
of the results is shown in table 2. 'I'lic data ap])ear to indicate defective 
carbohydrate metabolism in the grouj), as a whole, though the findings 
were normal in some cases. It must be observed, however, that the 
number of observations was small, and that there was a wide range 
between niaximum and minimum r’ahies. This applies also to the 
standards with which the results were compared. It was therefore 
considered advisable to test the data still further by a more detailed 
statistical analysis. 

In their “Food Ingestion and Energy Transformations,’' Benedict 
and Carpenter ” recorded all of their results obtained in normal subjects. 
Because of the completeness of the necessaiy details, the data lend them- 
selves readily to statistical treatment. Tables 126 to 135, inclusive. 

Table 2. — Miuiiiniin, Maximitin and Average Increments Above Basal Level, 
Following Ingestion of 100 Gin. of De.vtrose 



Resplrntorj- 

Quotient* 

Carbon Dioxide O-xygen 

Production! Consumption! 

Heat 

Production! 

Grams of 
Carbo- 
hydrate 
Oxidized 
per Hour 

Subjects 

f 

Low High 

■ 

Aver- 

nge 

Low 

Aver- 

Hlgh age Low High 

Aver- 

ngc 

Low High 

Aver- 

age 

Xormnl.... 

0.07 O.IS 

0.120 

12.3 

35.0 24.5 2.0 21.3 

11.0 

0.1 24.2 

14.0 

10-1- 

.Averneo ol 
all abnor- 
mal cases 

0 0.18 

O.ODj 

J.O 

27.2 lO.S 3.5 17.S 

8.3 

5.8 10.5 

9.8 



* Total Increase above bnsni. 
t Fercentng-o increnso above bnsni. 


afford detei'inination of the maximum increments of the respiratory 
quotients, oxygen consumption, carbon dioxide production and heat pro- 
duction observed in each experiment. Arithmetical means, standard 
deviations and probable errors of means were, therefore, readily calcu- 
lated. Our own data were treated similarly. The combined results are 
shown in table 3 and are summarized in table 4. 

From the ratios of the differences between the means to the probable 
errors of the differences (table 4), it is concluded that it is highly 
probable that the differences noted between the normal and our cases in 
this study were not due to chance alone. Conservative statistical prac- 
tice, in interpreting differences between means, requires that a difference 
should be at least four times its probable error before one can assume 
certainty. The probabilit)% however, that the differences noted between 
the normal and the abnormal cases were not due to chance alone is 
increased by the findings with the blood sugar time curves. The results 
of diet and insulin therapy appear to indicate a causal, rather than an 
accidental, association between defective carbohydrate metabolism and 
delayed healing of wounds. 

II. Benedict, F. G., and Carpenter, T. M. : Food Ingestion and Energy Trans- 
formations, Washington, D. C, Carnegie Institution, 1918, publ. 261. 




Tarlu 0. — Sintisticnl Afiolysis oj Data pm Rrsf’lralPfy Jlxchcitigc Obtained hi 
A^oniial and Abiwnital Subjects PoUoxvlng Ingestion oj 
lOQ Cm. of Dextrose 


Aorninl 


Ko.'plnitor}- OxsTcn Cnrhon Dioxide Heat 

Quodent CnnPiiTiiptloti, Prodiietlon, Production, 

IPO Cc. per -Min. Co. prrJIln. Cnlorlc.'s per Min. 

< ’ ^/ ■ ,, ■ 

Increnre Incrcnsc Incrense 




.Maxi- 

In- 


Maxl- 

m 


Itasnlmum crease Hasal 

Tiiuin 

t< 

Subject 

(b) 

(m) (in-b) 

(b) 

(III) 

.X 100 

K.H..-V. 

St 

101 

17 

2:."> 

210 

107.C 

•T.C.O. 

74 

SI 

7 

2,12 

o-n 

107.9 

.T.C.V. 

Tfl 

04 


...lO 

272 

117.2 

L.E.E. 

7S 

00 

IS 

290 

255 

lOS.O 

C.H.H. 

S7 

04 

7 

19.-! 

2-31 

119.7 

B.L.U. 

S2 

OS 

10 

224 

250 

114.3 

P.F.J. 

54 

no 


ong 

245 

102.9 

B.M.K. 

70 

79 

0 

217 

243 

112.0 

A.J.O. 

S7 

oc 

0 

253 

30S 

121.3 

Dr.P.B. 

7S 

91 

13 

ISO 

202 

lOS.C 

Arithmetical 

mean 

12.G 



111.9 

Standard deviation 
Probable error of 

4.2 



C.02 

monn 



0.02 



1.30 



Mnxl- 

m 


Mn.vi- 

m 

Hasnl 

iiuiin 

b 

Ilnsal 

mum 

b 

(b) 

(in) 

>: 100 

(b) 

(m) 

X 100 

1S7 

2.35 

I25.G 

l.OS 

1.21 

112.4 

)S7 

210 

112.3 

1.19 

1.2S 

107.C 

1S4 

242 

131..5 

1.11 

1.33 

119.S 

1S3 

237 

129.5 

1.13 

1.2C 

111.5 

lf.7 

203 

]2I,G 

0.94 

1.12 

119.1 

1S3 

2.30 

12.5.7 

l.OS 

1.24 

1I4.S 

200 

2.39 

119.5 

1.15 

1.22 

lOG.l 

1.52 

ISS 

123.7 

1.02 

IdC 

113.7 

220 

207 

13.5.0 

1.24 

1.54 

124.2 

14G 

177 

121.2 

0.69 

0.99 

111.2 



124.5 



114.0 



5.G 



5.0 



1.22 



1.22 


.■Vbnormnl 


Rcsplrntor}’ O.xyccn 

Quotient Production. 

X 100 Liters per Hour 

« , • , 

Increase 




Maxi- 

In- 


Maxi- 

m 


Basalmum crease Basal 

mum 

b 

Subject 

(b) 

(m) (m— b) 

(b) 

(m) 

K 100 

4C99/31 

S3 

S3 

0 

11.05 

12.4S 

107.1 

2975/31 

SG 

94 

8 

0.40 

10.34 

110.0 

4381/31 

79 

91 

12 

11.77 

12.43 

105.6 

4000/31 

SI 

91 

10 

11.20 

11.91 

106.3 

4445/31 

70 

84 

5 

11.32 

11.91 

105.2 

5326/31 

SO 

8S 

S 

12.57 

14.33 

114.1 

5373/31 

78 

S3 

5 

14,63 

13,13 

103.5 

53/32 

74 

92 

IS 

12.06 

13.27 

110.0 

714/32 

76 

90 

14 

12.68 

13.48 

10G.3 

900/32 

83 

94 

9 

13.S0 

IG.23 

117.8 

592/32 

SO 

95 

15 

11.28 

11.76 

104.2 

760/32 

77 

90 

13 

9.84 

11.16 

113.2 

900/32 

SO 

87 

7 

11.44 

13.48 

108.3 


Arithmetical mean 

9.5 

108.3 

Standard deviation 
Probable error of 

4,0 

4.1 

mean 

0.75 

0.77 


Carbon Dioxide Heat 

Production, Production, 

Liters per Hour Calories per Hour 

f A.. — 

Increase Incrense 



Maxi- 

m 


Maxi- 

m 

Basal 

mum 

b 

Basal 

mum 

b 

(b) 

(m) 

X 100 

(b) 

(m) 

X 100 

9.07 

lO.OG 

104.0 

55.72 

58.98 

105.S 

8.09 

9.74 

120.4 

45.33 

50,95 

112.4 

9.23 

11.20 

121.1 

55.67 

60.47 

108.6 

9.12 

10.90 

119.5 

53.33 

58.17 

109.1 

9.00 

10.02 

111.3 

53.67 

57.19 

106.5 

10.02 

12.3S 

123.5 

59,58 

6S.15 

114.4 

11.45 

12.66 

110.6 

69.23 

72.59 

104.9 

S.91 

11.34 

127.2 

36.45 

63.84 

113.1 

9.GS 

11.61 

119.9 

59.56 

64.05 

107.5 

11.72 

13.2G 

113.1 

66.42 

77.41 

116.5 

9.04 

10.30 

113.9 

53.59 

56.43 

105.3 

7.55 

9.58 

126.4 

40.33 

53.36 

115.1 

9.91 

11.68 

117.6 

59.00 

64.09 

10S.6 



116.8 



109.8 



6.8 



4.0 



1.27 



0.75 


Table 4. — Suntmary of Statistical Analysis of Data on Respiratory Exchange 
Obtained in Normal and Abnormal Subjects Follozoing Ingestion 
of 100 Cm. of Dextrose 


Phenomenon 

Eespiratorj’ 

quotient* 

Oxygen con- 
Eumptionf 
Carbon dioxide 
productiont 

Heat produc- 
tiont 



Arith- 

metical 

Mean 

Standard 

Deviation 

Probable 
Error of 
Mean 

Difference Probable 
Betiveen Error of 
Means Difference 


Subject 

(a) 

(b) 

(c) 

(d) 

(e) 

d/e 

Normal 

Abnormal 

12.6 

9.5 

4.2 

4.0 

0.92 ) 

0.75 i 

3.1 

1.19 

2.6 

Normal 

Abnormal 

111.9 

10S.3 

6102 

4.1 

1.30 ) 

0.77 S 

3.0 

1.51 

2.4 

Normal 

Abnormal 

124.5 

110.5 

5.6 

6.S 

1.22 ) 
1.27 i 

7.7 

1.76 

4.3 

Normal 

Abnormal 

114.0 

109.S 

5.6 

4.0 

1.22 ? 
0.75 J 

4.2 

1.43 

2.9 


« Total increment x 100. 
t Percentage increment. 
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COMMKN'T ox lUiSULTS 

TIic usual coiulitious that might explain impaired healing of tissue 
appear to have been excluded ( sj-philis, etc. ) . All conditions which tend 
to disturb carbohydrate metabolism and which may lead to blood sugar 
time curves similar to those observed in these cases were also excluded 
(nephritis, hyperthyroidism, etc.). IJow arc these data, therefore, to 
be explained? Infection was present in some of the cases. Infection 
is known to lead to disturbed carbohydrate metabolism in the nondiabetic 
as well as in the diabetic jiatient, and Richardson and Levine,^- in a 
study of rcspirator_v metaljolism in infection, observed that though there 
was no direct evidence of a defect in the capacity to oxidize carbo- 
hydrates in infection, a defect was inferred from the data. Infection, 
however, does not explain the picture entirely, since many patients 
showed no infection, at least not according to the usual indications (local 
condition, fever, leukocytosis, etc.). 

Are these subjects diabetic? The blood sugar time curves, respira- 
tory quotients, rates of oxidation of carbohydrates and specific dynamic 
responses to the ingestion of dextrose differ in no way from those found 
in diabetes. In the absence of glycosuria, however, one hesitates to place 
them in this category. Joslin.’^ when advised of our experiences, also 
stated that he would hesitate to put these patients in the regular group 
of diabetic patients, though the fasting blood sugars may have reached 
0.14 or 0.5 per cent. Langdon Brown,“ on the other hand, stated quite 
recently that he is almost prepared to assert that every one with resting 
hypergl 3 'cemia has diabetes. Because of our search for these cases and 
routine studies, the number is increasing. For this reason, I further 
hesitate to classify these patients as diabetic, since this would tend to 
alter the values of mortalities and morbidities and our data would no 
more be comparable with other clinics for diabetes, and comparable data 
are essential for proper statistical studies. As stated, the first patient, 
after having been observed for approximately seven years, proved not 
to have diabetes. On the other hand, the following experience was met 
with recentty. 

REPORT OF CASE 

A woman, aged 52, was admitted to the gjmecologic service of 
the Montreal General Hospital on Dec. 24, 1931, for a hysterectomy. Following 
this operation, the abdominal wound failed to heal at the usually expected rate. 
There were no signs or symptoms to suggest diabetes, and at no time was there 
any glycosuria. The blood sugar time curve, however, revealed a marked dis- 
turbance of carbohydrate metabolism. Following the institution of dietetic and 
insulin treatment, the wound healed, and the patient was discharged from the 
hospital on Jan. 10, 1932. Shortly after discharge, however, both dietetic and 
insulin treatment were discontinued and the wound broke down. She was rcad- 

12. Richardson, H. B., and Levine, S. Z. : J. Biol. Chem. 63:465. 1925. 

13. Joslin: Personal communication to the author. 

14. Brown. \V. L. : Post-Grad. M. J. 8:49, 1952. 



70-1 


ARCH I r US or surgerv 


luittcd on January 2a. Tlicrc wa.s a history of rc.spiratory infection for some 
days prior to admission, and sliortly after admis.sion the signs and symptoms of 
pneumonia developed. 

Ihc interesting- finding in tliis case is that with tlie onset of the pneu- 
monia, glycosuria apijcarcd and was accompanied by marked hyper- 
glycemia; the blood sugar was O.dOO ])er cent, and during the febrile 
course of the disease the patient required 60 units of insulin a day to 
keep the blood sugar under control. Is it possible, therefore, that many 
of these people have diabetes; that glycosuria is not observed because 
the blood sugars are below the renal threshold for dextrose, and that 
the disease becomes ob-v’ious onl}' when these persons are exposed to 
some injur}’- or infection which causes further loss of carbohydrate 
tolerance? Because of this possibilit}', all of these people are, as a 
routine measure, being referred to our diabetic clinic to be absented at 
three month intervals. Experiences during the next five j-ears with these 
cases should clarify the picture. The purpose of this communication 
was to draw attention to the association between defective carbohydrate 
metabolism and delayed healing and to the results which may be obtained 
with a diet and insulin therap}'. 

ADDENDUM 

Since this paper was submitted for publication, the findings of 
Williams and Dick on the relationship between dextrose tolerance and 
infection have been published,^® and, though the problem was approached 
from a different point of view, the findings are essential!}' the same as 
our own. Acute infectious diseases were studied, and it was observed 
that these may be accompanied by an increase in the Jieight of the 
blood sugar concentration during fasting and by alteration in the blood 
sugar curves following the ingestion of dextrose. This applied both 
to animals and to man. The loss of carbohydrate tolerance may last 
for some time — weeks or months — ^and can be improved by the admin- 
istration of insulin. The authors suggest that in infectious diseases 
there are often an injury of the islands of Langerhans and the produc- 
tion of a condition somewhat analogous to diabetes ; and recovery of 
carbohydrate tolerance following insulin is explained by immunity to 
the infecting organism and by regeneration of the islands of Langerhans. 

This work was done with the technical assistance of Miss K. Marjorie 
Mountford, who was responsible for the collection of all of the g-as samples and 
gas analyses, and of Miss F. Matheson, who was responsible for the proper 
preparation and administration of dextrose drinks and accurately timed collection 
of specimens of blood and urine. 

IS. Williams, J. L., and Dick. G. P.: Decreased Dextrose Tolerance in Acute 
Infectious Diseases, Arch. Int. Med. 50:801 (Dec.), 1932. 
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MARTIN' n. TINKER, M.D. 

ITHACA. X. Y. 

Tile results of Irentmeiit of m.nli^nant conditions affecting the 
thyroid nia}- he far better than certain writers would lead one to believe. 
^Moreover, the situation is not hopeless even when the growth has 
involved surrounding tissues or extended to lymphatic glands. I 
reported extensive involvement of surrounding tissues in a woman 
ten j-ears ago ; yet she lived over sixteen 3'ears following operation and 
died from apoplexv at the age of 73 .* This case and two others in 
which there was secondary involvement of the lymphatic glands of the 
neck were reported later, and one of the patients is still living and 
well eleven years following operation; the other lived nine )'ears and 
was lost from observation. The outlook is encouraging in many of 
these cases because adenocarcinoma, the most common malignant condi- 
tion affecting the thyroid, is slow in development ; it metastasizes late 
and is radiosensitive. These facts have been confirmed by the reports 
of main’ other recent observers. 

Permanent results are influenced to a considerable extent by the 
same factors which favor satisfactory results in most malignant condi- 
tions : location, extent, duration of the disease and type of malignancy, 
and the skill, experience and methods of the operating surgeon. Of 
greatest importance, influencing operative results, I believe to be the 
use of radium and x-ra3’s in combination with electrosurgeiy. 

LOCATION 

Growths located in the isthmus or the anterior surface of the gland, 
relatively distant from the main lymphatics and blood vessels, do not 
tend to metastasize as early as those deeply located directl3’ over the 
great vessel and lymphatic trunks. Such location also makes infiltra- 
tion of important surrounding structures less likely and complete sur- 
gical removal more readily possible. 

Duration is frequently difficult to determine. IMany patients arc 
incredibl3'’ unobservant about the development of growths, even in 
exposed and readih' accessible locations. It is obvious that the longer 

1. (a) Tinker, M. B.: The Desperate Risk Goiter. J. A. M. A. 79:1291 
(Oct. 14) 1922: (b) End-Resiilts of Treatment in Certain Forms of Malignancy 
of the Neck. Ann. Surg. 76:335 (Sent.) 1922: (r) Tr. .Am. S. A. 40:10, 1922. 
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the disease has existed the greater the likelihood of metastasis and 
invoh’cment of surrounding tissues and consequent difficulty in removal. 
The well recognized slow growth of some of these malignant conditions 
is a decidedly favorable factor. Kochcr - reported a ease existing ten 
years without metastasis. The known duration of life was fifteen 
years in a patient coming under nn- care twelve years following oper- 
ation in another clinic; when first seen Iw me the involvement was 
evidently too extensive for further surgical procedures; yet after radium 
treatment this patient lived three 3'cars longer in relative comfort. 

Small growths, particular!}* encapsulated growths, w’hich have not 
broken through and malignant areas discovered only by pathologic 
examination after operation, located within an enlargement apparently 
benign, are usually favorable. As noted before, large, extensive 
growths do not preclude many years of comfortable life and a death 
from other causes. Extension to the neighboring lymphatic glands of 
the neck is also not necessarily fatal, although such extension would 
undoubtedly increase the gTa-\dty of the situation. i\'fetastatic extensions 
to distant parts of the body have proved fatal thus far in mj* experience, 
although considering the character of some of these growths this would 
not seem inevitable. 


TYPE OF MALIGNA KCY 

It has long been known that certain goiters, which both clinically 
and pathologically are apparently benign, may metastasize and cause 
the death of the patient. Metastasis is most likely to occur in the flat 
bones. This was first noted by Cohnheim ® fiftj-six }*ears ago. In a 
most thorough recent discussion of this subject, Barthels * quoted 
eighty-six writers wEo have reported one or more such cases. The 
diagnosis was confirmed b}* microscopic examination in forty-five cases. 
A postmortem examination w^as made in about one third of the cases. 
Most of the additional cases have shown all the clinical characteristics 
of a malignant condition, and in some of them there has been a rela- 
tively satisfactory pathologic examination. There w*ould seem to be no 
possible question as to the malignant characteristics of these micro- 
scopically benign grow’ths. Tw*o such cases ha^'^e come under my care; 
in one the patient died of metastasis to the spine, and in the other of 
intra-abdominal metastasis. 

The adenocarcinomas have been found b}* all obser^*ers the most 
favorable for treatment. Excellent results have also been obtained in 
many cases of papillary carcinoma. The infiltrating scirrhous car- 

2. Kocher, Theodor: Deutsche Ztschr. f. Chir. 91:197, 1908. 

3. Cohnheim: Virchows Arch. f. path. Anat. 48:547, 1876. 

4. Barthels, C. : Ergebn. d. Chir. u. Orthop. 24:162, 1931. 
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ciiioinas and sarcomas Iiavc been found hopeless by practically all 
observers. Even this view may have to be changed. Gottstein “ has 
reported a five }-car cure in a case diagnosed as round cell sarcoma by 
Professor Winkler of Breslau. 

CIIARACTKR OF TREATiMENT 

Surgical measures alone have given freedom from symptoms over 
long periods of lime with apparent cure in a few cases. Irradiation 
alone has given fewer apparent cures in another group of cases. A 
combination of operation and irradiation has given favorable results in 
a considerably larger number of cases than operation or irradiation 
alone. Electrosurger}- has not been used for a long enough time to 
show what permanent results ma}' be expected, but the fact that the 
electric current seals blood vessels and lymphatics certainly indicates 
that metastasis will be prevented in most cases. The destruction of 
malignant cells by the current should also give a better prospect of satis- 
factory results. A number of writers have pointed out that biopsy or 
any manipulation may readily dislodge cells of malignant adenoma and 
cause their dissemination. The use of electrosurgery and gentleness 
in manipulation seem to me largely to eliminate this risk. Cuts made 
from photographs and photomicrographs in previous articles ® show 
exactly what may be attained in clotting vessels and surface coagulation. 
In view of these and many other advantages, it seems surprising that 
so few surgeons are using electrosurgeiy. Irradiation alone, whether 
by x-rays or by radium, has not given permanent cure in any of my 
cases to this date. It is onl)' fair to state that irradiation alone has 
been used in only those of my cases in which the growth was so located 
or so extensive that any form of surgical intervention seemed contra- 
indicated. Operation alone has given a four year cure in only one of 
my cases. Extensive radical operations with excision of the carotid 
arteries, jugular rein and the vagus nerve by Theodor Kocher and a 
number of earlier operators were followed with operative recovery, but 
do not seem to offer any advantage so far as permanent results are 
concerned. I have removed a large part of extensive growths infiltrating 
the great blood vessel sheath and the trachea and lar}-nx in five cases. 

A sufficient amount of tissue was left surrounding the blood vessels to 
make reasonably certain that rupture of the vessels would not occur. 
The microscopic pathologic examinations have been confirmed by well 
known pathologists. The use of radium following these incomplete 

5. Gottstein : Ber. d. Breslauer chir. Geselisch., Jan. 20, 1932. 

6. Tinker, M. B.: Surg., Gynec. & Obst. 52:508 (Feb. /, no. 2 .A) 1931 ; Ann. 
Surg. 94:587 (Oct.) 1931. 
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operations lias apparently controlled the further extension of the growth 
and apparently resulted in a cure in three cases. This experience has 
still further conlirmed my belief that more radical operation is not 
justified. It is evident that gentle handling of the tissue tends to 
prevent loosening of cancer cells and metastasis; aLso that tissues sus- 
taining minimum damage from handling would have a better prospect 
of healing. As thorough eradication of the growth as is possible seems 
somewhat to increase the prospect of a satisfactory result though 
irradiation takes care of extensive im'olvcment in many cases if the 
great bulk of malignant growth is removed. The advantages of electro- 
surgery seem so apparent that I believe that it should certainly be used, 
in all operations for malignant conditions, eveji if the surgeon does not 
choose to use it in all of his operations on the tlnToid. 

PROGXOSIS 

Pessimistic prognoses vary from those of Hertzler ' and Jackson,® 
who question whether an}" patient with a real malignant growth of any 
extent ever recovers, to those of Crile,“ Rienhoff,^® Poland and Kroger 
and Crotti,^® who believe that when extension through the capsule has 
occurred operation is useless. Some of these writers advise irradiation 
without operation ; some advise irradiation if there is a pathologic diag- 
nosis of a malignant condition after operation ; some advise operation in 
early cases, and some offer no suggestions as to treatment. 

The more optimistic point of view combines operation and irradi- 
ation. The number of recent writers who take a more optimistic view 
as to the possible results in malignant goiter is considerable. For over 
seventeen years, due largely to the suggestions and encouragement of 
Dr. Howard A. Kelly of Baltimore, I have been using irradiation in 
conjunction with surgical intervention. Emboldened by the fact that 
two of my patients were living over seven years after operation, I made a 
brief report on the combined methods in 1922.^“ In 1928, the number 
of my cases had increased ' with four patients living five or more 

7. Hertzler, A. E. : Diseases of the Thj'roid Gland, St. Louis, C. V. Mosby 
Company, 1922, p, 131. 

8. Jackson, A. S. : Goiter and Other Disease of the Thyroid, New York, Paul 
B. Hoeber, Inc., 1926, p. 156. 

9. Crile, in Nelson Loose-Leaf Living Surgery, New York, Thomas Nelson & 
Sons, 1928, vol. 2, p. 725. 

10. Rienhoff, in Lewis, Dean: Practice of Surgery, Hagerstown, Md., tY- F- 
Prior Company, 1929, rol 6, chap. 1, p. 225. 

11. Toland, C. G., and Kra.ger, W. P.: S. Clin. North America 10:1201 (Oct.) 

1930. ,0,0 

12. Crotti, Andre; Thyroid and Thymus, Philadelphia, Lea & Febiger, > 

p. 179. 
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years after eoinhinecl treatment, tliree for six years or over, and one for 
fourteen years; one patient lived for nine years, dying from unknown 
causes. Since tin's report a jiatient. aged 73. has died of apoplex}^ over 
sixteen years after operation. In 1927, Bowing reported results from 
combined treatment at the Mayo Clinic. The same 3 ^ear Portmann 
compared surgietd measures alone, with 9 per cent five year cures; 
irradiation alone, with no five _vear cures, and combined treatment, with 
22.6 i)cr cent five year cures, at Crile's clinic. In 1928, Pemberton 
reported with much thoroughness a large series of cases, stating in 
conclusion that the results of surgical treatment of carcinoma of the 
thyroid are more encouraging than is popularly believed. He reported 
32 jK'r cent of the jjatients in whom malignant disease was diagnosed 
before ojjcration as living three ^ ears or longer, and stated that probably 
in no other malignant disease are x-rays and radium so valuable. Oper- 
ation in conjunction with irradiation has been emplo 3 'ed in the Ma 3 m 
Clinic since 1918. Barthels reported patients free from S 3 anptoms for 
twent 3 '-four, twelve, eleven and six 3 'ears. The results of irradiation 
alone are less certainly good. Barthels also advocates explorator 3 ’- . 
excision for diagnosis, and if sarcoma or carcinoma is found by biops 3 ^, 
discontinuance of the operation and irradiation are advised. On the other 
hand, when one deals with malignant papilloma or adenocarcinoma, 
further operation is justified. Thirty-three per cent of his patients are 
living over four 3 'ears following biopsy. Strauss advocates radical 
excision, including the lymphatic glands, which he finds affeeted in 
about one half of his cases. He considers radical operation and post- 
operative roentgen treatment the method of choice. Ward and Carr 
reported 14 per cent of patients living without recurrence in cases from 
Terry’s clinic in San Francisco in which there had been a diagnosis of 
cancer before operation, formerly considered a discouraging group of 
cases. Holfelder'" reported 55.5 per cent of his patients free from 
symptoms after five years b 3 '' combined opei'ation and irradiation. 
Bucky,"“ speaking from the standpoint of the radiologist, has recentl 3 ' 
advocated the combination of eIectrosurger 3 '’ and irradiation in treating 

13. Bowing, H. H.: Am. J. Roentgenol. 18:501 (Dec.) 1927. 

14. Portmann, U. V. ; Radiation Therapy in Malignant Disease of the Tliyroid 
Gland, J. A. M. A. 89:1131 (Oct. 1) 1927. 

15. Pemberton, J. de J. : Ann. Surg. 87:369, 192b. 

16. Barthels, C. : Beitr. z. klin. Chir. 142:711, 1928. 

17. Strauss, L. : Beitr. z. klin. Chir. 148:40, 1929. 

18. Ward, Robertson, and Carr, J. L.: Tr. Am. A. Study Goiter, 1930. 

19. Holfelder, H. : Zentralbl. f. Chir. 58:940 (April 11) 1931. 

20. Bucky: Zentralbl. f. Chir. 59:1393, 1932. 
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a number of malignant conditions hitherto considered hopeless. There 
is a difl'crence of opinion as to biopsy. Clntc reported fatal pneu- 
monia following biops\% and expressed the belief that the rate of growth 
of the tumor is distinctly accelerated. On page 7 of this same article 
he expressed his belief that “it is never justifiable to incise a potentially 
malignant adenomatous nodule for biops)' because of the ease with 
which these tumors gain access to the blood stream.” If radio cutting 
were used, this danger would almost certainly be avoided, b}'’ reason of 
the fact that the current, particularly the medium or slow cutting cur- 
rent, almost certainl)’’ seals blood vessels and lymphatics. 

PERSONAL RESULTS OF OPERATION AND IRRADIATION 

Among the patients operated on and treated b}’’ irradiation, the 
following number of patients were living and symptom-free for the 
designated period of 3'ears: ten for three years, nine for four years, 
eight for five 3’ears, six for six years, five for seven 3-ears, two for 
eleven years and one for thirteen 3'ears. One patient died from an 
unknown cause after nine 3'ears and one died from apoplex3' at 73 3'ears 
of age after sixteen 3'ears. 

Of those with earl3' extension or recurrences, eight died from two 
months to two and one-half 3'ears following operation. These patients 
were evidently in serious condition with advanced malignant growths, 
but were given the benefit of the doubt. Four others in apparently 
equally bad condition have recovered and remained well for several 
years. Operation has been refused in onl3' five cases. One of these 
patients with a large apparently adenomatous goiter had complete 
consolidation of the left lung which was apparentl3' a solid malignant 
mass, as shown by roentgen examination. One patient died ten da3's 
after leaving the hospital, evident^ in too serious condition to be bene- 
fited by an3' treatment whatever. In another case the growth was so 
extensive and firmly fixed, after thirteen years’ duration, that operation 
was evidently contraindicated. Another man with cerebral s3'mptoms 
had a low fever for six weeks, the cause of which was undetermined by 
internists. Finall3', one patient refused operation. 

There were ten cases reported as suggestive of malignant conditions, 
or in some instances diagnosed as malignant by one pathologist and 
as doubtful b3' others. The microscopic slides will be referred to other 
competent pathologists as soon as convenient. All of these patients are 
living and apparently well. 

21. Clute, H. M., and Smith, L. W.: Cancer of the Thyroid Gland, Arch. Surg. 
18:18 (Jan.) 1929. 
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CONCLUSION 

In conclusion, I sliould like especially to emphasize three iioints : 

1. Exceptionally favorable results with slow growing, late metasta- 
sizing, radiation-sensitive growths which make up a large proportion of 
the total malignant growths of the thyroid. If untreated these go on 
inevitably to a fatal outcome. 

2. The value of combined treatment by irradiation and surgieal 
measures, which in the hands of man}' surgeons in widely separated 
locations has given a high percentage of cures or at least relatively 
comfortable life for many years. 

3. The great promise of electrosurgery which, by destruction of 
cancer cells, leaving nonabsorbing surfaces and sealing the vessels and 
lymphatics, should reduce the likelihood of local recurrence and prevent 
metastasis. 
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URETER 

Surgery . — Marion -® reA'iewed his ideas on the technic of total 
ureteronephrectoniy. He does not use the large lumbo-abdominal inci- 
sion. To perform complete nephro-ureterectomy, a lumbar incision and 
a low abdominal incision are necessar3\ He emploj^s the lateral vesi- 
cal route to reach the pelvic ureter, pushing the peritoneum aside, 
loosening the bladder from the pelvis and approaching the ureter at 
the level of the vesical wall. A definite procedure cannot always be 
determined before operation. In some cases the condition is definite 
and the plan can be outlined before operation, particularly in cases such 
as those of ureterop}^onephrosis. In other cases the necessity for remov- 
ing the ureter may not be ascertained until the kidney has been examined. 
Marion expressed the belief that in these cases the most simple procedure 
is to approach the ureter by the latero-iliac route, somewhat high up, and 
free the ureter down to the bladder. He also considered secondary 
ureterectomy that is necessar^'^ on account of the condition of the bladder, 
as in tuberculous or malignant stump of the ureter. 

[Compilers' Note. — Since the arrival of the urographic era an accu- 
rate preoperative diagnosis usually has been made, and the technic of 

28. Marion, G. : A propos de la nephro-ureterectomie, BuH, et mem. Soc. nat. 
de chir. 58:602 (April 30) 1932. 
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coiiil)inctI iirctcr()iic])liroctoniy has I)ecii greatly simplified. The surgeon 
can outline the procedure of the operation instead of using the trauma- 
tizing. large, lumho-ahdominal incision of the pa.st. Marion, Beer, Papin, 
t'lUtierrez and others have emphasized the fact that when the pathologic 
processes of the kidney have involved the ureter, or vice versa, the proper 
indication is usually to perform ureteronephrectomy by means of two 
scjiarate incisions, in an elTort to remove in a single ]fiece the diseased 
ureter and kidney; this obviates the further difficulties arising from a 
ureteral stump left hehind at the time of ne])hrcctnm3\ J 

Scholl stated that stricture with obstruction of the ureter is com- 
moil]}' found associated with renal tuberculosis, and partial or comi)lete 
ureterectomy occasionally has been advocated. The majority of the reports 
in which removal of the tuberculous ureter was advised were based on 
reviews of nephrectomy done in the early decades of urologic surgery. 
.‘\ccurate methods of urologic diagnosis, early recognition of the condition 
present and skilful, rajnd technic, giving special attention to the ureteral 
stump, have reduced the complic<ations frequently occurring in earlier 
cases and have lessened the indications for ureterectomy. In a I'eview 
of 1,023 cases of nephrcctoni)- for tuberculosis, Israel stated that the 
method of treating the ureter has no marked influence on closure of the 
wound. 

With regard to nontuberculous disease, it is generally agreed that the 
ureter should be completely removed with the kidney in cases of papillary 
epithelioma of the renal pelvis ; an extension or transplant to the ureter 
occurs in the majority of cases. Each case of nontuberculous, dilated, 
infected ureter, associated with stones or pyonephrosis, must be treated 
individually as the condition demands and as the state of the patient per- 
mits. The need later for nephro-ureterectoni}^ or ureterectomy arises in 
only a small percentage of cases. In a report of 475 cases of hydro- 
nephrosis and 471 cases of pyonephrosis in which nephrectomy was 
performed, complete nephro-ureterectomy Avas done in onl}'^ 18 of the 
cases of hydronephrosis. In none of the remaining cases were operations 
needed on the remaining ureter after nephrectoni)'. In onl)”^ 3 of the 471 
cases of pyonephrosis was nephro-ureterectomy found necessary and 
performed. 

In most cases, even when the ureter is extremely dilated, it is not 
nccessarj- to remove it simultaneousb' with the kidnej’. In cases in which 
the ureter and au}'^ retained contents are infected and obstruction to the 
lower part of the ureter occurs, this obstruction must be relieved. If it 
is impossible to relieve the obstruction b}’ conservative methods, primar}- 
nephro-ureterectomy or secondarj- ureterectomy should be performed. 

29. Sclioll, .*\. J. : Tlie Ureter After Kcplircctnmy. Wc.st. J. Surp. 40:279 
(June) 1932. 
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Four eases of pathologic changes in the ureter after ncphrectoiu}- were 
reported. Various procedures were <!onc in these cases, such as ureterec- 
tomy, cauterization and sterilization of tlie ureteral contents. 

[CoMi’iLEKs’ Noth. — .Simple nephrectomy is sufiicicnt in the treat- 
ment of the majority of patients with renal tuherculosis in whom the’ 
lesion is confined to the kidue}'. On the other hand, there are two types 
of tuberculous lesions in which both the kidney and ureter arc involved; 
in these cases total urcteronephrcctomy is usually indicated in order to 
avoid the common complications of lumbar fistula or incurable tubercu- 
lous c^'stitis. These two t_vpes of lesions arc readily visualized in a ure- 
terogram. The}' are the rosary type of tuberculous ureter, in which the 
ureter is manifestly infiltrated with tuberculous caseous material, and 
the megalo-ureter, in which there is enormous dilatation of the ureter 
or definite tuberculous ureteritis and periureteritis. 

The part that the ureter plays following nci)hrcctomy presents a 
problem of significance in modern urology, particularly on account of 
the many complications that may arise, and because, as was pointed out 
before, the lesions of the ureter must be treated individually as the condi- 
tion demands and as the state of the patient permits. If palliative cysto- 
scopic measures do not relieve the pathologic condition, it is evident that 
the ureteral stump must be regarded as potentially presenting a surgical 
condition.] 

Walters stated that transplantation of the ureters to the sigmoid- 
colon has been done at the Mayo Clinic since 1912 in the treatment of 
exstrophy of the bladder and other vesical and urethral abnormalities in 
which the bladder failed to hold urine. The method used consists of 
transperitoneal transplantation of the ureters to the sigmoid-colon in 
separate stages, with an interval of from twelve to fourteen days between 
operations. The original method of submucosal transplantation reported 
by Coffey as applying to experimentally transplanted common bile ducts 
in animals was used. The transplantations were done without the use 
of tubes or catheters. Eighty-four patients with exstrophy of the blad- 
der, including those with complete epispadias, have been treated at tlie 
clinic in this manner. Within the last seven years Walters has operated 
in 20 of these cases, in 16 for exstrophy of the bladder, in 2 for com- 
plete epispadias and in 2 for congenitally deformed or traumatized 
urethras with total urinary incontinence. One death occurred among 
the 20 cases. 

30. Walters, Waltman: Transplantation of the Ureters to the Sigmoid-Colon 
for Exstrophy of the Bladder and Other Ureteral Abnormalities with Urinary 
Incontinence (Unilateral Versus Simultaneous Bil.atcral Transplantation), Proc, 
Staff Meet., Mayo Clin. 7:470 (Aug. 10) 1932. 
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l-'xiKM ii’iici’ III iIk' clinic has .slmwii lhal il is unnecessary (o use cither 
Inhes nr catheleis in IransjilantaliMn of Ihe nrelers to the siijmoid-colon 
if one normal sir.ed nreler is Iransplanted at a time. In tlie trcatnienl 
of exstrophy of the Iiladder and oilier congenital ahnormalities of the 
' bladder and nrcihra. with total incontinence. Ihe risk of such operation 
is far less for yonni^ children than that of siinnllaneons hilateral ureteral 
transplantation. 

I'lricrol Rejhix . — 1 .e|ionlre ■“ reported a case of con.tjenilal dilatation 
of lhi“ nrinarv tract in a i^irl, 10 years of ai^e. .She had had unexplained 
attacks of fever from infanev and |>ns in the urine. At cystoscopy 
500 cc. of residual urine was foniul. which was difficult to clear of pus. 
'I'he meatus of the left ureter was dilated; it had a circular orifice, 
rescmhlin.c; the entrance of a diverticulum; from time to time a wave 
of contraction passed over it. On the ri.ijht side, the meatus, which 
was oblique and of an rival shape, was too wide, and contracted at 
reixular intervals. Cystorocnt.ecno.ixraphv with collargol showed a reflux 
and enormous dilatation of the left ureter and pelvis. The bladder was 
deformed on the ri^lit side, and had the appearance of a diverticulum. 
Because of the rather delicate condition of the patient, only palliative 
treatment was piven. Occasional lavage with collargol clears the urine 
and prevents febrile attacks. The prognosis in such a case is not favor- 
able, and the patient probably cannot meet the demands of maternit^^ 

Chronic p\’uria in a child, as in an adult, requires complete tuologi>. 
examination. Significant svmptoms arc lumbar pain at the time theie 
is urgency, and chronic retention. This type of dilatation may involve 
an isolated portion of the urinary tract, causing mcgalo-ureter and 
megalopelvis. In this case it attacked the calices. pelvis and uieteial 
meatus at the same time, causing reflux. The malformation may not 
cause any apparent trouble for a number of years until some complica- 
tion, generally an infection, makes it evident. 

[CojipiLERS^ Note. — The subject of congenital malformation of the 
upper part of the urinary tract has been considered recentlv by Campbell, 
who has reported unusual cases of this type from the Bellevue Clinic 
and the Babies’ Hospital of New York. It is well known^ that the 
so-called pyelitis of childhood, which does not respond to medical tie.it- 
ment, must be considered as the result of congenital malformation of 
the upper part of the urinary tract. Ev^er}- newly born child v\ith 
abdominal pain or urinary symptoms should have a complete urologic 
examination, including a cystogram. In this particular tvne of^ lesion 
of v'esicorenal reflux, vvdien a “golf hole” tv'pe of ureteral orifice is 


31. Lepoutre, C.; Dilatation dc I’arbrc urinaire ct reflux vc.sico-uretcral d’onginc 
congenitale. Bull. Soc. fraiiQ. d’urol., May 9, 1932, p. ISa. 
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present, and the lesion is characterized hy liydro-nreter and hydro- 
nephrosis in which the kidney as a rule is practically functionlcss, the 
proper indication is usually ureteronepiirectoiny.] 

7 ttiitor. — Fowler''" re])orted a case of solitary })aj)ilIonia of the lower 
part of the rij^ht ureter (K’curring in a man, ajted 42. He had had 
intermittent hematuria for twenty-five years. The attack before the 
patient came under observation had lasted continuously for a month. 
C3'stosco])y revealed a large paiiillomatous growth on the right side of 
the bladder, close to the vesical outlet. At operation a large tumor was 
found attached by a narrow pedicle to the right side of the base of the 
bladder. Numerous small papillomas were clustered about the urethral 
orifice. These were all cauterized. Thirt_v-two months later ci'stoscopy 
shoived the presence of 4 small papillomas, about 1 cm. in diameter, on 
the anterior wall of the Iiladdcr near the vertex and a similar growth 
on the left lateral wall. At that time treatment was not acceptable, and 
several years later examination revealed an extensive growth involving 
the anterior wall and filling the verte.x of the bladder. The whole 
tumor-bearing area was wideh' resected in one piece. This included 
the area of normal vesical wall between the separate growths. 

The patient had several attacks of hematuria during the next few 
years, and finally died suddenly. At necropsy the right ureter was 
dilated to a diameter of 1.5 cm. within 2.5 cm. of the bladder. At this 
point there was a papillomatous tumor, the base of which was 1 cm. and 
the villous mass 2 cm. long, projecting into the lumen of the dilated 
ureter. In the bladder just below the orifice of the left ureter was found 
another papillomatous mass with a base of 1.5 cm. Just above the 
urethral orifice were several minute papillomas. 

Several interesting points in this case were emphasized. There was 
a definite history of intermittent hematuria over a period of twenty-five 
years prior to the patient’s coming under observation. The longest period 
noted in reported cases has been fourteen years. The low grade of 
malignancy of the growth in the bladder was shown both clinically 
and histologically, placing it with the so-called benign papilloma grou]) 
of tumors. The actual involvement of the bladder existed for more than 
the eleven years that this patient was under observation, as shown by 
the presence of a large tumor at the first examination and by the long 
history of hematuria. During this time the character of the growth 
did not change ; it showed no tendency to undergo malignant degenera- 
tion. The original tumor had the clinical characteristics of papilloma. 
Recurrences took place in various parts of the bladder, not at the site 
of the original growth. The histologic examination of the tumor found 

32. Fowler, H. .A,.; Solitary Papilloma of the Lowe^r Ureter fRieht) Secondary 
to Recurrent Papillomata of the Bladder, J. Urol. 27:561 (May) 1932. 
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necropsy disclosed llie type of cclhdar strncUire usually seen in papil- 
loma. This observation appears to conlirin the view that the type or 
character of cell in these papillary tumors does not change. If the 
original tumor is benign, any recurrence that may develop will have 
the same characteristic. 

Ulycosis Ureteritis . — Leinati observed a case in which a ureter 
was the site of primary mycotic ureteritis following the experimental 
injection of a culture of Aspergillus fumigatus into the spleen of a 
rabbit. The fungus had not invaded any other region. The spores 
apparentl}' did not find suitable ground for their development in the 
spleen, and in passing through the blood stream must have been either 
destroyed or eliminated through the renal filter without doing any 
injury until they entered the left ureter. At necropsy, eight days after 
the injection which caused death, not onl_v was the aspergillosis present 
in the left ureter, but also dilatation. This dilatation evidently had 
existed previous to the mycotic infection, as the thickening of the wall 
of the ureter, especially the muscular hypertrophy, could not have devel- 
oped in eight days. There was no mechanical obstruction of the 
ureter, nor was there any inflammatory stenosis caused by advanced 
ureteritis. The thickening of the wall and the muscular hy23erplasia 
continued down to the bladder, the wall of which was indurated, with 
hyperplasia of the muscular tunics. The papilla of the ureter was 
conserved, and the right half of the bladder, with its ureter, presented 
no changes. It was therefore assumed that the ureterectasia was a 
primary congenital dilatation, dependent on obstacles of a functional 
nature or on lesions of .the peripheral reno-ureteral nervous system. 

The fact that the induration involved the entire urinary tract on the 
left side indicated that the cause had not been sufficient to diminish 
appreciably the functional activit}’^ of the excretory passages because of 
the compensatory h 3 'pertrophy that had developed. The kidney did not 
reveal lesions resulting from urinaiy stasis or from old inflammation, 
but only those related to aspergillar pr'o-ureteronephrosis. 

The ureterectasia was undoubtedly the effective cause of the grafting 
of the asiJergillar infection on the ureter. In view of the experimental 
demonstration of the resistance of healthy urinary passages to infec- 
tions, primary localization of infection in the urinaiw excretorv passages 
can occur only when there is an anatomic or functional lesion. The 
urinary stasis in this case, although moderate, was sufficient to permit 
the gi'owth and development of the aspergillar infection. As the 
inflammation spread to the entire wall of the lower third of the ureter, 
the attacks of acute retention began, leading at length to incoordination 

33. Leinati. Faiisto; Sopra tm caso di urcteropionefro.^i afpereillare .eperimen- 
tale in proerressa ureterectasia. Arch. ital. di urol. 8:55, 1931. 
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of nwrcnicnis and to spasms, finally resulting in dilatation of the pelvis, 
compression of the renal j)arcnch\'ma and disappearance of the papillae. 
As the stasis and retention increased, the juxtavcsical portion of the 
ureter gave wa\'. and funncl-fonn dilatation of the lumen was produced. 
Ihus u'as formed p3‘o-urctcronephrosis in which Aspergillus {umigatus 
could develop so well that histologic examination revealed even stages 
of fructification. 

BLADDER 

Tumor. — Gunsett "* reported the cases of 26 patients with carcinoma 
of the bladder treated In' him during seven years. Roentgen therapy 
was given in divided doses for about three weeks. Only the first 
patient was treated by means of a single application, 128 per cent of 
the erythema dose, but distributed over five days. In some of the 
cases this procedure was preceded or followed by electrocoagulation. 
Of the 26 patients, 10 are alive and free from symptoms : 1 patient ten 
years, 1 nine years, 2 eight )’'ears, 2 seven years, 1 six 3’’ears, 1 four 
3^ears and 1 three 3'ears following treatment. Eight (42 per cent) of 19 
patients have remained well five 3'ears after observation. 

Gunsett expressed the opinion that extensive tumors of the bladder 
should first be treated with deep roentgen ra3'S ; electrocoagulation 
should be employed as a means of destro3dng any portions of the growth 
which remain after the first t3'pe of treatment. In certain cases roentgen 
therapy may be used after electrocoagulation Avhich has given imperfect 
results. 

Lazarus and Rosenthal stated that myxosarcoma of the bladder is 
rare and primarily a disease of earty life. Diagnosis is possible only 
from a histologic study of the tumor, although the finding of small 
gelatinous-like bodies in the bladder is suggestive of tumor of this type. 

Surgical excision does not give satisiactor)^ results because of the 
prompt recurrence of the growth. Roentgen therapy has an appreciable 
effect on the neoplasm, as shown from the pathologic report of the 
authors’ case. Coley’s serum was found to be of no benefit. Total 
C3"stectom3' offers the best possibility of cure in these cases. 

Diverticiihdii . — Walters and Mulholland reported a detailed stud}' 
of 30 cases of diverticula of the bladder. 

34. Gunsett, A. : La roentgentherapie du cancer de la vessie par la metliode dc 
la dose fractionnee. Acta radiol. 13:1, 1932. 

35. Lazarus, J. A., and Rosenthal, A. A. : Myxosarcoma of the Bladder : Case 
Report of a Child Two Years of .A.ge. J. Urol. 27:695 (June) 1932. 

36. Walters. Waltman, and Mulholland. S. W. : The Relation of Diverticula 
of the Bladder to Obstruction of the Vc.sical Neck. Surg., Gynec. & Obst. 55:104 
(July) 1932. 
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Urinary obstruction was a symptom in each case. The average 
duration of tiic symptoms was eight and seven-tenths years. Dysuria 
and burning on urination were usually late symptoms, and were accom- 
panied by pain in the bladder and perineum. There was a high degree 
of infection of the urine in 26 of the cases. The average quantity of 
residual urine in the bladder was 360 cc. Residual urine was absent 
in only 1 case. In 10 cases the bladder was so distended as to extend 
above the symphysis pubis. 

On the assumption that diverticula are caused by congenital weak- 
ness of the bladder that is manifested because of the obstruction, a 
study was made to ascertain the evidence of other abnormalities. Hernia 
existed in half of the cases; obesity was marked in about a third. 
Diabetes was present in 3 cases, and unilateral complete duplication 
of the renal pelvis and ureter was found in 1 case. 

Diverticula of the bladder in adults practically always are seen in 
the presence of obstruction at the vesical neck, which undoubtedly 
accounts for the preponderance of the lesion in men. This series was 
composed entirely of men. In more than half of the cases, definite 
fibro-adenomatous hypertrophy of the prostate gland made prostatec- 
tomy advisable. The smaller the prostate gland was at operation, the 
longer the symptoms seemed to have been present. Cicatricial contrac- 
tion of the vesical neck may occur, and can be remedied by a plastic 
procedure at the time of diverticulectomy, by a subsequent punch 
operation or by incision with the Collings knife. 

Excision of the diverticulum is the only operation which gives uni- 
formly satisfactory results. Extravesical excision is usually applied 
to large diverticula that can be separated from the surrounding struc- 
tures by careful dissection. It was used in 19 of the 30 cases. If there 
is evidence of marked perivesical inflammation, if the bladder has been 
previously drained and much scar tissue is present, making extravesical 
dissection difficult and hazardous because of the possibility of opening 
the peritoneal cavity, and if the diverticulum is not too large, the trans- 
vesical method is indicated. This type of procedure was used in 5 cases. 

The results were satisfactory in more than two thirds of the cases 
in which the diverticulum was removed. In 2 cases the outcome was 
fair; there was relief from most of the disturbing symptoms. Five 
patients continue to have d^vsuria. Removal of a portion of the sclerosed 
vesical neck by the punch operation did not always serve immediately 
to relieve the urinary retention. The best results were obtained in 
cases in which the obstruction at the neck of the bladder was thoroughly 
removed, either at the time of diverticulectomy nr subsequently by 
prostatectomy or by a punch operation for an obstnicting median bar. 
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Fistula . — Julia reported the results of transvesical intervention 
in 3 cases of vesicovaginal fistula. This type of fistula may be 
approached vaginally, transvesically or transperitoncally. Although 
most gynecologists prefer the vaginal method, the results arc uncertain. 
The disadvantage of the transperitoneal route of Legueu is that it 
exposes the peritoneum to infection from the infected bladder. The 
transvesical procedure of Marion is the most simple method of approach. 
It is indicated in all cases of vesicovaginal fistula except those involving 
the neck of the bladder, when the vaginal approach is preferable. 

The bladder should be opened widely, placing the separator of 
Legueu outside of the bladder. The posterior depressor, situated 
within the vesical cavity, well exposes the lower part of the bladder, 
which is usually the site of the fistula. Care should be taken not to 
include the ureteral orifices in some suture, or to cut them Avhen dis- 
secting the mucosa. For the deep stitches the linen type of suture 
used in gastro-intestinal surger}' is preferable, because of its greater 
resistance, fineness and flexibilit}', which permit it to be tolerated with 
little reaction. In the 2 cases in which the results were successful, 
a linen suture was used ; in the third case, which was a failure, catgut 
was used for both deep and superficial sutures. For the superficial 
stitches, particularly those in the mucosa, catgut is desirable because of 
its prompt resorption. There should be perfect coaptation of the sutured 
margins to prevent infiltration of urine between the stitches. Drainage, 
which is necessary after these operations, may be either urethral or 
suprapubic. Julia prefers suprapubic drainage because it permits the 
use of a large catheter which is less likely to become obstructed. The 
catheter should remain in place for from seventeen to nineteen days, 
according to the degree of infection following intervention. 

[Compilers^ Note. — In any operation of reconstruction for vesico- 
vaginal fistula, as well as for any plastic operation on the urethra, one 
of the most important procedures is urinary drainage by simple cystos- 
tomy, regardless of the method used to treat the lesion. This prelimi- 
nary drainage is generally an important factor in obtaining the best 
result following a plastic operation.] 

Cystitis . — Ravich and Katzen stated that cystitis emphysematosa 
is more common among females than among males ; in only 5 of the 
24 cases reported in the literature were the patients males. The 
disease usualh’ occurs in adult life. Although the etiolog}'^ of the lesion 

37. Julia. Serrallach : Tratamiento de las fistulas vesico-vaginales por via 
transvesical. Rev. espan. de cir. y urol. 14:159 f April) 1932. 

38. Ravich. Abraham, and Katzen, Perry : Cystitis Emphysematosa : Review 
of the Literature with Report of an .Authentic Case Terminating in Recovery, J- A. 
U. A. 98:1256 (.April 9) 1932. 



SdlOl.L HT srRCHRV 


721 


is not (li'liiiitc. it is licliL-vcd lliat bacteria arc a sif^nil'icant factor. Macro- 
.scopically. llicrc arc ^as-cniitainini^ vesicles in tlic wall of the bladder; 
these may occur simply or in i^roiips in any ])orlion of the bladder, or 
m.ay cover the entire orrjan more or less uniformly. They appear as 
transp.arent, rounded elevations which iimtrndc into the lumen of the 
bladder. IMicroscojiically. des(|uamation of the epithelial covering of 
the bladder nverlving the vesicles is oltcn observed. In 17 of the 24 
cases there were no symptoms in the nrinar}’ tract. When such S3m'ip- 
toms were present, they were usually due to the accompanying urologic 
])athologic condition aside from evstitis emphvsematosa. 

Ravich and Kaizen reported a case in which recovery followed 
surgical intervention. 

Siirfjcry. — Walters^ rci)orlcd that 164 operations were performed 
on the bladder ; 5 iwtients died from extensive carcinoma of the bladder 
during 1931 at the Mayo Clinic. Diverticulectomy was performed in 
14 cases; all the patients recovered. Transurethral fulguration of 
intravesical tumor of the hlad<ler was done in 114 instances without 
mortality. 

PKOST.ATE GLAND 

Hvpcrlrophw — Marion stated that, in his opinion, the tiansvesical 
method of operation in chronic cases of prostatitis is preferable because 
of the likelihood of perineal fistulas and the difficulty of suppressing 
all the inflammator}' lesions when the lower route is used. The pio- 
cedure is indicated in chronic cases of prostatitis in which there is mild 
suppuration which does not respond to any medical treatment, peiineal 
fistula and periprostatitis, calculi or hypertroph}’’ of the gland. Urethrog- 
raplty should be done to confirm the diagnosis and to show any cavities 
or tracts which had not been suspected. 

The’ t3^pe of intervention to be used depends on each particulai 
case. If it is necessary to remov'e the lobes of the prostate gland with 
small abscesses, these ma3^ be easih' enucleated bv means of incisions that 
cross the entire wall of the bladder. The incision in the bladdci is 
made immediately behind the vesical neck, following two oblique lines 
backward and outward, the knife being guided to a certain extent 63 
the finger in the rectum which is orienting the lobes. When the abscesses 
are lai-ge and open into the urethra or form fistulas into the perineum, 
it is sufficient to open them widely, depressing the upper wall formed 
by the bladder and the tissue of the gland which incloses them. If 
calculi are present, the pockets which contain them should be opened 
and the stones removed. If suppuration in the prostate gland coincides 


39. Marion, G. : De la vole transvesicalc clan? Ic? aftcctinn? tic la prostate 
autres que riiypertrophie ct le cancer. .T. cl’urol. 33:21/ Ol.arclri 19.i_. 
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with adenoma, the more or less adherent tumor should be removed, 
which will open the purulent caidtj'’ lying below it After any of these 
operations the cavit}' is packed, and a postoperative course similar to 
that in any ordinar}' prostatic case is followed. 

In some cases preoperative vaccination was given. In 1 instance 
in which there was much suppuration and no vaccination before opera- 
tion, generalized infection and death resulted. Marion expressed the 
opinion that surgical intervention in these cases does not entail any 
more risk than prostatectomy for hypertrophy of the gland. There 
were only 2 deaths among 74 patients so treated. 

[Compilers’ Note. — The advocates of the suprapubic route and 
the perineal route for attacking the various pathologic conditions of the 
prostate gland and seminal vesicles appear to be at variance. It is 
evident that Marion has obtained satisfactory results b)”^ the transvesical 
method. In many cases of chronic prostatitis and seminal vesiculitis 
in which there is practically no communication with the bladder, the 
perineal route secures better drainage with less suffering and shorter 
hospitalization, and prevents localized infection of the' bladder and its 
ascent into the upper part of the urinary tract. Prostatotomy or vesicu- 
lotomy for chronic prostatitis or seminal vesiculitis was well conceived 
by .Fuller. As Gutierrez has shown in a report of 100 consecutive 
cases in which seminal vesiculectomy was performed without mortality, 
if the operation is performed extra-urethrally, extravesically and extra- 
peritoneally, there is no danger of complications such as Marion and 
other supporters of the suprapubic route have emphasized.] 

Segurola reported a case in which adenoma of the prostate gland 
recurred five years after prostatectomy. Unusuak features of the case 
were the extreme hypertrophy of the group of precervical or anterior 
cells, localization of the tumor above the neck of the bladder and inde- 
pendent of it, attachment of the tumor to a pedicle and the fact that 
this occurred after prostatectomy, at which time there was no change in 
the cells of the anterior group. These cells, which were first described 
by Aschoff, not uncommonly undergo hypertrophy. Young explained 
why intravesical tumors of the prostate gland sometimes acquire a 
pedunculated form, but no cases were reported in the literature in which 
the reproduction of the hypertroph}' was localized exclusively in the 

40. Gutierrez, Robert : Later Results of Surgery of the Seminal Vesicles : 
Report of One Hundred Consecutive Seminal Vesiculectomies, J. A. M. A. 93. 
1944 (Dec. 21) 1929. 

41. Segurola, M. : Tumor pediculado localizado por encima del labio anterior 
del cuello vesical y constituyendo histologicamente un adenoma prostatico en un 
operado de prostatectomia. con cinco anos de anferior-idad. An. de cir. 4; 34 
(l^fay) 1932. 
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group of ventral cells and appeared to be completely intravesical, inde- 
pendent of the neck of the bladder and simulating a tumor of it. 

The provisional diagnosis was sessile tumor of the bladder. Because 
partial cystectomy was contemplated, the bladder was widely opened, 
and the tumor was found to he attached to a short pedicle. The growth 
was removed and a seed of radium was placed within the site of its 
implantation. The patient made an uneventful recovery. Histologically, 
the growth was an adenoma of the prostate gland. 

[Compilers'’ Note. — Recurrence of hypertroph}" of the prostate gland 
after prostatectom}^ is alwaj^s of great interest. There are many wa 3 's 
to explain the failures of total prostatectomy, and the sequelae are well 
known. Cases of reproduction of glandular tissue in the neck of 
the bladder in which the same clinical S 3 'mptoms have appeared as 
were present previous to operation have been recorded from time to 
time in the literature. Bransford Lewis has recently discussed this 
phenomenon. It is a fact that in many cases of perineal prostatectomy, 
for lack of proper exposure, the entire gland is not removed at the 
first operation, and sometimes a median or a lateral lobe is pushed back 
into the bladder. This is not detected during enucleation of the gland, 
and gives rise to a pedunculated lobe of the prostate gland. This lobe 
may be attached by a small bit of capsular or mucosal tissue to the 
roof of the neck of the bladder, resulting in definite h 3 fpertrophy with 
clinical symptoms such as Segurola has described. Thomson- Walker 
has called attention, in suprapubic prostatectom 3 L to the formation of 
tags which have been omitted during enucleation of the gland and 
which later undergo hypertrophy and produce definite mechanical 
obstruction to the outflow, and even attacks of complete retention such 
as occurred previous to the operation.] 

Treplin and Vogel ■*- reported a sen'es of cases of Igvpertrophv of 
the prostate gland, most of which were unsuitable for open operation 
and in which treatment was by transurethral diathermy. These authors 
developed an instrument similar to a urethral catheter which has a silver 
band several centimeters from the tip. An eye in the tip makes it 
possible to determine the position of the instrument. The instrument 
is inserted into the bladder and withdrawn until the fluid ceases to 
flow, indicating that the coagulating section or silver band is in the 
prostatic part of the urethra. At this time the current is turned on. 
and for thirty seconds the prostatic part of the urethra is coagulated. 

In a series of 15 cases there was no mortalit 3 -. and good functional 
results were obtained, all patients being able to empty the bladder com- 
pletely after treatment. In 4 cases there were extensive pulmonari- 

42. Treplin. L.. and Vocrel, R. : Ueber wcitcrc Erfharnn^cn mit dcr Diatlierinie- 
operation bei Prostatabypertropbic, Zcntralbl. f. Cliir. 59.I2i'*-» Ofay 21) 
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complications and nn'ocardial degeneration, but the results were also 
satis factoiy. In 3 cases of carcinoma of the prostate gland it was 
necessar}^ to perform suprajjubic drainage before treating the gland 
b}' this method. One patient received no benefit from the treatment; 
the other 2 were able to empty the bladder completely, and the supra- 
pubic fistula eventually closed. 

Davis reported a summar)'' of the immediate operative and the 
late functional results in a series of 41 1 consecutive cases of perineal 
prostatectoiu}" perfonned under sacral block anesthesia. Nine deaths 
have occurred in the series. Inquiry several months after operation 
disclosed that 82 per cent of these patients voluntarily classified them- 
selves as well, 17 per cent as improved and 2 per cent as unimproved. 
^Massive dela)’-ed hemorrhage, appearing as late as the end of the second 
week after operation, occurred in 2 per cent of the cases. 

The chief factors contributing toward maintaining a low mortality 
rate in prostatectom}'- are adequate preliminary drainage, employment of 
the perineal route, detailed attention to hemostasis and sacral block 
anesthesia. The technic of sacral block anesthesia for prostatectomy mzy 
be made sufficiently exact to eliminate entirely the percentage of failure 
which was formerly considered incAutable. Davis has employed sacral 
block anesthesia for perineal prostatectomy in 262 consecutive cases 
without failure of the anesthetic in a single case. All of the 411 patients 
received this type of anesthesia, which consisted of a caudal injection, 
and injection into the first, second and third posterior sacral foramina. 

Walters® found that 22 deaths (10 per cent) occurred in a series 
of 227 cases in which cystostomy had been performed at the Ma 3'0 
Clinic in 1931. In 135 cases the operation was performed because of 
urinary obstruction from hypertrophy of the prostate gland. Necropsy 
revealed that the causes of death were lesions such as coronary throm- 
bosis, acute bacterial endocarditis, pulmonary embolism, coronar}'^ 
sclerosis with occlusion, marked dilatation of the pelvis of the kidney 
and ureters with renal insufficiency and embolic infarct of the lung 
pulmonary edema caused the death of 1 patient, aged 80. 

Walters expressed the belief that the transurethral method for reliev- 
ing obstruction due to so-called median bar prostatitis and contracted 
neck of the bladder is superior to an open operation. At present it is 
acceptable as a surgical procedure in cases in which there is a slight 
degree of adenofibromatous hypertrophr^ of the median and lateral lobes 
of the prostate gland. If there is considerable hypertrophy of the 
gland and the condition of the patient is satisfactory, prostatectomy 
done by a properly trained surgeon Avill have as low a mortality as any 

43. Davi.c, Echvin : Analysis of Results in 411 Consecutive Cases of Perineal 
Prostatectomy. Nebraska if. J. 17:224 fjunel 1932. 
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tr.-ni'-nu thr.i! c. < >ii ilu' lia-'i.'- <il pailiologic changes in adcno- 

iilininialiins Iiypriiropliv nf the prostate gland, the obstruction is likcl}' 
to rccnr nnlos the adenoma is completely removed. 

nmnpns “ stated that prostaleetomy is ])erformed primarily for 
correction of tirinarv ohsfrnction in the urethra, rather than because 
of any ch;mge it) the ])rostate gland. The ojteration of transurethral 
resection of the ])rost;ite gl.and ende.avors to correct the obstruction by 
removing only the portion which obstructs and not any other tissue. 
^\■hen this obstruction is slight, and in a channel the diameter of which 
is less than 1 cm., the amount of tissue capable of causing obstruction 
may be insignificant, and jiatieiits have been seen whose urinaiy reten- 
tion was completelv relieved b\‘ removal of less than 1 Gm. of tissue, if 
such tissue completely blocked the urethra. 

In a series of 96 ]iatients with adenofibromatous hypertrophy of 
the jirostatc gland treated hy transurethral methods during the last 
seven years, 52 were dismissed as completely relieved of residual urine, 
as tested by catheter. In 9 other cases there was less than 30 cc. of 
residual urine, although in 38 cases there was more than 150 cc. before 
operation, and in 17 complete retention had occurred. Of the 86 
patients wlio are still living. 68 are satisfied with the results. Among 
the 18 cases in which o])eration was not successful, prostatectomy has 
been performed on 4 patients; all these operations weie perfoimed 
more than five years ago. 

The beneficial results of the operation depend on the amount of 
tissue removed. Experience has shown that from 10 to 20 Gm. of tissue 
may be safeh' removed from the neck of the bladder if the associated 
residual urine is completely relieved as a result. If any mine is left, 
the presence of a denuded area in a closed viscus with residual^ urine 
and a considerable amount of electrocoagulated dead tissue ghes a 
combination that may cause trouble. Major intravesical operations must 
be followed by complete drainage, and if it is necessary to resect large 
amounts of obstructing tissue, suprapubic cystostomy should first be 
done. 

TESTIS, EPIDIDYJIIS AND SEMINAL VESICLES 

Undcsceiided Teslis . — Wangensteen « ^ stated that the imperfectly 
descended testis is aspermatic because of its position. Before puberty 
the undescended testis is not unlike one in the sciotum. The ^crotum 
serves as a thermoregulating mechanism, and a scrotal testis is norma 
in the adult only. The undescended testis is more likely to become 

~ 44. Bunipus, H. C, Jr.: Transurethral Resection of the Prostate Glancl. Proc. 

Staff Meet., Mayo Clin. 7:249 (.April 27) 1932. , , . £- 

45. Wangensteen. O. H. : The Surgery of the Undcscended Testis. ..urg.. 

Gynec. Obst. 54:219 (Feb.) 1932. 
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malignant than the normally descended one, and scrotal fixation does 
not diminish this predisposition to malignancy. The nndescended testis, 
however, is not a precarcinomatous lesion, and malignant lesions of the 
testis are rare. 

The treatment of undescended testis is placing the organ in the 
scrotum without injur}’’ to the testicular blood vessels. There should 
be adequate mobilization of the vessels of the testis for the success of 
the procedure. Temporary adequate scrotal anchorage should be a part 
of the technic ; without it, retraction occurs and the testis does not grow 
to normal size. The best time to perform the operation of orchiopexy 
is when the patient is between 8 and 1 1 years old ; to insure good 
functional result the operation should be done before pubert}’. 

[Compilers^ Note. — The work of Torek and Sevan on the unde- 
scended testis has been a distinct contribution to American urology. 
The principles of free mobilization of the spermatic cord with main- 
tenance of testicular blood supply, together with fixation of the. testis 
by some form of temporary or permanent anchorage in the scrotum, 
are well known. Retraction of the testis, as Wangensteen observed, is 
a frequent cause of failure and must be carefully guarded against ; this 
is done by his procedure of temporary anchorage to the thigh. It is 
generally agreed that the operation offers best results if done between 
the ages of 8 and 11 years.] 

Hepler summarized the generally accepted conclusions on unde- 
scended testes as follows : The testis before puberty, in its normal 
position, and the undescended testis before puberty are grossly and 
histologically similar. The apparent atrophy of the undescended testis 
before puberty does not indicate that it should be disregarded or removed 
because it is of no value; under proper environment it is potentially a 
normal testis. The undescended testis of adults is aspermatic because 
of degeneration of the germinal epithelium, which is attributable to the 
constantly higher temperature to which the testis is exposed when 
retained in the abdomen or inguinal region than when it is afforded 
protection by the scrotum. If the undescended testis is properly placed 
in the scrotum before puberty, spermatogenesis will later take place 
and it will develop normally. The best age for orchiopex}’’ is between 
the ages of 6 and 10 years. The testis should not be replaced before 
the fifth vear unless there is some complication which needs correction. 

A normally functioning organ should not be c.xpected if replacement 
is delaved too long after puberty, although the cosmetic effect may 
be satisfactory. 

46. Hepler. B. : Surgery of the Unde.scendcd Tc.^te?: .A. Afndificd Torek- 
Operation, Wc.ct, T. Surg. 40:286 fTiinef 1932. 
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I'iu' ( s'-oiilinl iraltiios' of siim-.'-sfiil orcliiopcxy arc careful and coni- 
plclc .'•cjinratioii of (lu- cnniponcnt siriictiircs of the spermatic cord with- 
out intcrfciTiirc with the hloofi supply of the testis, and the temporary 
iixation of the testis to .>-(imc structure outside the scrotum to prevent 
retraction until this tendency has i)cen overcome. A modification of 
the Torelc oircr.ition is descrihed. which has given satisfactory results 
in 12 cases in the last year. Tin's technic, or some modification of it, 
has heen incrcasingh’ ]i()jiular aiul has given complete satisfaction because 
the late results are as good as the early results. 

Walters " stated that the oix-ration of Torek and Meyer is being used 
tnorc often for cases of cr\'ptorchidism than formerl}'. As much length 
as ])ossiblc is added to the cord by separation of the hernial sac and 
division of connective tissue joining the spermatic vessels and the vas 
deferens. The testis is then brought down into and through an incision 
in the scrotum and attached to the fascia lata of the thigh. ^ After 
four weeks, the testis is dissected from the fascia lata of the thigh and 
the skin of the scrotum from the skin of the thigh, the testis is replaced 
in the scrotum and both incisions ai'c then closed. In 200 operations 
on the testis and epididymis, 4S plastic operations were performed for 
undcsccnded testis, in practically all of which the principle described 
by Torch- was cmplovcd. There was no mortality. In approximately 
1 00 cases of cryptorchidism iir which this operation has been performed 
in the last five years, the results have been unrformly successful, and 
the field of applicability of the operation has been extended to rnclude 
even cases of intra-abdominal testis. In only 3 cases of un escen e 


testis last year was orchidectoniy necessary. 

Carcinoma of flic Chevassu considered the procedrrre to 

be followed when carxinorna of the testis is sirspecte . sr^nr can 
point in the diagnosis is the presence of a hard area in a testrs ^ 

ently normal otherwise. This should be immedrately confirmed y 
exploration with the patient under local anesthesia, at ’ci trmenrmsua 
vascularization of the albuginea would suggest ma ignanc} . rere 
should be no hesitation in performing exploratory orcrotom> v ren 

diagnosis is doubtful. _ • n • 

Toulson stated that inflammatory rnasses occurring 
and about the testis may undergo h 5 '-alinization an ea ^ ^ 
diagnosis of new growth. Hyalin is rather- common } o . 

, . j. j Unt rare in the testis. H} 

pleura, pericardium and spleen, but is la r i • a 

Cl, . . . • r.r.,i-r,nir nrocess of the inflammation, ancl 

of a h 3 ^drocele rs a state rn the chronic pro 

tends to undergo calcification. 

- • nrrrnce dcs c.incer? du tcsticiilc, 

47. Chevassu, Maurice; Diajrnostic imnied 

Bull, et mem. Soc. nat. de chir. 5S:4/a arc i ^ ^ g 28:247 

48. Toulson, W. H.: The Hyaim.zat.on of Hidroccle sac.. . 

(Aug.) 1932. 
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Carcinoma of the Epididymis. — Coleman, Mackie and Simpson^® 
reported the clinical .and patliologic findings in a case of primary malig- 
nant teratoma (embryonal carcinoma) of the epididymis. The neoplasm 
corresponded striicturall}’^ to the most common form of malignant neo- 
plasm originating in the testis. The evidence appears to be conclusive 
that these neoplasms have their origin in preexisting teratomas, in 
which one of the tissue elements undergoes malignant transformation. 
Removal of the testis, epididymis and spermatic cord is usuall}^ of no 
benefit in view of the fact that metastasis occurs relatively early in these 
cases. 

[Compilers'’ Note. — Malignant tumors of the epidid)^mis are 
extremely rare, only a small number having been reported in the litera- 
ture. In the small series of case histories reported, these tumors are 
as rapidly fatal as those of teratoma of the testis. A few cases of 
benign tumors of the epididymis have also been reported ; recently 
Hinman and Gibson reviewed 10 cases of sarcoma from the literature. 
A few angiomas of the epidid 3 miis have also been described.] 

PENIS 

Hypospadias . — Hagner stated that incurvation of the penis in 

hypospadias is caused by the shortening of the fibrous tissue which, in 
this malformation, replaces the corpus spongiosum. A method of graft- 
ing skin for this condition is reported. The graft, including all the 
layers of the skin, is cut from the inner side of the thigh and placed 
in saline solution. A cannula is then thrust through the corpora 
cavernosa, care being taken to place it above the line of the fibrous 
tissue that causes the chordee. The cannula is then withdrawn; the 
skin graft is placed around it, the skin side next to the instrument, 
and two or three fine catgut sutures are used to bring the edges 
together. The cannula is reintroduced through the puncture and the 
graft is slipped off, two fine catgut sutures being placed at the 
ends to hold it in position. Two of these grafts are usually sufficient. 
The urine is drained b}"^ a retention catheter in the opening of the 
perineal or the scrotal urethra, and a sterile dressing is then applied. 
The grafts heal rapidly. At the end of two or three weeks a grooved 
director is passed through the graft and incised from within outward 
to the surface of the skin. The graft tends to flatten out as soon as 
the incision is made; after a month or six weeks the grafted area 

49. Coleman, C. : Alackie, J. A., and Simpson, W. M. : Primarj' Malignant 
Neoplasms of tlie Epididymis, Surg^., Gynec. & Obst. 55:111 (July) 1932. 

50. Hagner. F. R.: A New Method for Straightening the Penis in Hypo- 
spadia.=. J. A. ^f. A. 99:116 (July 9) 1932. 
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t.ni he niiticrd mily ity the dificrciu-c in iIk- appearance of the skin, 
'^!liIe palpalinn ai ihe base of ilic i^raft discloses no tendency to the 
tonnation of srar lissuf. 

kccil ’ slated ihat in the surgical treatment of hypospadias a good 
ic.snlt cannot he ohlained witlnuit complete diversion of the urinary 
stieani; this is iironght ahonl lyv occlusion of the urethra hy suture, 
l-^rainage. tuhes, jirohes and other foreign bodies should not be left 
'll the newly fenaued urethra. 'I'he primary operation for correction 
ol the deformity of the jx-nis should he done in the first two 3 'ears of 
hie. It should he complete, and no other operation should be done 
"Util it has been j)rovcil that the deformit\’ has been cured. 

Mctero])lastic grafts are of no value for reconstruction of the 
ui’ethra. .Xiitojilastic free grafts, such as the use of the appendix, 
veins, arteries or free slcin grafts, after the method of Nove-Josserand, 
are unsatisfactorv in reconstructing the urethra. The most successful 
method is b_v the technic of 'J'hicrsch. which is applicable to all forms 
of Iwpospadias. 

Hpispadias with incontinence is curable in many cases. Trans- 
plantation of the ureters to the bowel should be done only in cases in 
which it has been impossible to reconstruct the vesical neck. The 
most desirable method of reconstructing the neck of the bladder and 
urethra is the method jn-oposed by Young, which was described fully 
by Cecil. 


fCojrpiLHRs' Note. — Diversion of the urinary stream as an initial 
procedure in the surgical treatment of In'pospadias is well established. 
Cecil’s avoidance of a drainage tube or probe to splint the newly 
formed urethra is noteworthy. Many plastic procedures have been 
described to fulfil the requirements presented by the individual case. 
Perhaps the technic of DuPlay or one of its modifications is most 
often used. The technic of Van Hacker or Beck tends to constrict 
the penis or to increase its curvature to definite disadvantage. A 
preputial skin flap to form a new channel has been successfulh- used 
by Mayo and by Young. When autografts are used, the latter author 
prefers whole thickness grafts from the thigh.] 

Carchwma . — Leighton contributed a summary of 67 cases of carci- 
noma of the penis. Of 24 patients who did not receive treatment. ?> 
died of carcinoma and 1 of an unknown cause ; 19 have not been traced 
and 1 was operated on elsewhere. Of 43 patients who were treated. 

4 had roentgen or radium therapy. Three of these died and 1 could 
not be traced. 


51. Cecil, A. B. : Surgery of Hypospadias and Epispadias in flic ^falc. tVesf. 
L Surg. 40:297 (June) 1932. 

52. Leighton. W. E. : Carcinoma of the Penis, with a Report of Si.xty-Scvcn 
Cases. Am. J. Cancer 16:251 (Starch) 1952. 
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\''arious surgical procedures were performed in 34 cases. Partial 
amputation of the penis was done in 3 cases, partial amputation with 
inguinal dissection in 5, total amputation in 1 case, total amputation with 
inguinal dissection in 11 cases and total emasculation in 14. Five of 
the 34 patients operated on have not been traced. Fourteen died, 2 
after operation and 3 of recurrence; 9 lived from one month to eighteen 
3 'ears, death being due to causes other than carcinoma. Nineteen are 
living from six months to twenty-five }-ears after operation. 

According to Broders’ classification of malignancy, 5 carcinomas 
were graded 1 ; 19 carcinomas, 2 ; 6 carcinomas, 3, and 1 carcinoma, 
4. In each of the 3 cases in which death resulted from recurrence there 
was metastasis in the inguinal l 3 miph nodes at operation. Five patients 
who had tumors graded 2 with inguinal metastasis at the tirne of 
operation are still alive and free from recurrence. 

[Compilers^ Note. — Carcinoma of the penis, papillary or flat 
usuall 3 ^ arises beneath a tight redundant prepuce. The prophylactic 
procedure of circumcision in youth cannot be too greatly emphasized. 
Advocates of radical surgery, such as the procedure outlined by Young, 
and of roentgen therap 3 '' vie with one another as to the excellence of 
end-results. Increasing evidence shows the superiorit 3 ’’ of radium treat- 
ment if applied early and before the invasion of Buck’s fascia. Here 
again the prognostic importance of the grade of malignancy in deter- 
mining the probabilit 3 '- of cure or of length of life after any form of 
treatment is noteworthy.] 

URETHRA 

Tumors. — Kirwin stated that the most common t 3 'pe of epithelioma 
of the urethra is squamous cell carcinoma; the papillary form occurs 
less fi'equently and the columnar cell type rarety. One adenocarcinoma 
is recorded in the literature. In cases in which the exact site of origin 
was ascertainable, the growth appeared most often in the perineal or 
membranous portion of the urethra. The fact that squamous cell 
carcinoma arises in these portions of the urethra is accounted for by 
some writers as due either to metaplasia or to embryonal inclusion 
in the cell nest. There may be formation of patches of leukoplakia 
which later undergo malignant degeneration. The continuous passage 
of infected, irritating urine over a surface already injured by inflam- 
mation and the passage of instruments would inevitably produce a 
hyperplastic reaction. In at least two thirds of the cases reported in 
the literature there was a previous historr’- of stricture, sometimes for 
as long as thirt 3 ' years, before malignancy became evident. 

53. Kirwin. T. J. : Primary- Epithelioma of the Urethra, J. Urol. 27:539 (May. 
1932. 
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( ii'niirrluM npjiai'ciiiiy an iinportanl factor in the production of 
urethral carcinoma, owini; to tlie frequenej' of stricture as an antecedent 
to tin; lesion, t.'iironic uretliritis would seem likely to produce the 
conditions untier which malipmancy would develop rapidly. In some 
cases there was a history of the previous removal of benign papillomas. 
In 1 ca^-e there had been infection urethritis, and for twenty years it 
had been necessary to dilate the resulting stricture frequently. Guyon 
cited a case of urethral carcinoma in which there were multiple fistulas 
after urethritis of long standing, and Englisch reported a case of 
perinrethrai abscess with formation of fistula and development of a 
malignant lesion after three years' continuous drainage. 

Difficulty in urination is the chief complaint. The urinary stream 
diminishes in size and volume until it is reduced to a mere dribble, 
and even then straining is neccssar}’ to effect partial evacuation of the 
bladder. Palpation usually reveals one or more hard nodules. 

Kirwin rc])ortcd a case in which the original lesion, close to the 
urinarv meatus, was excised with the bipolar cautery, the metastatic 
inguinal nodes were removed and the inguinal wounds were treated, 
first by implantation of radon and later by Alpine light and deep 
roentgen rays. Examination after four months disclosed slight recur- 
rence. but this was controlled by further cauterization. The patient 
is still in good condition. 

^lercier^^ reported a case of carcinoma of the uiethra of a man, 
aged 59. At the age of 19 years he had had urethritis, leaving con- 
tractions of the canal, which had been dilated several times. At 
examination only a filiform bougie could be passed into the urethra. 
Pus and bacteria in the urine suggested an abscess of the urinar}^ 
tract. Internal urethrotomy was performed, and the abscess was drained 
of thick, foul pus. Convalescence was uneventful for about a month ; 
at that time a perineal fistula was noted. The urethra admitted only 
a no. 24 bougie. Urethrotomy was performed again, and the fistula 
was widely opened. A granular mass in the bulbar portion of the 
urethra led to a diagnosis of squamous cell epithelioma. Resection was 
performed, followed by treatment with radium. 

Carcinoma of the urethra in the male is rare, and is usually situated 
in the region of the coi*pora cavernosa. It is seldom coirectly diagnosed 
at the onset of symptoms because the patients do not seek treatment 
until marked d 3 "suria and pollakiuria are present or^ sometimes until a 
perineal urinar}'- fistula has formed. Urethrorrhagia is not an early 
s 3 TOptom. The objective s 3 "mptom most often noted is a perineal or 
penile tumor without accompaiwing pain. Urethroscopv or operation is 

54. Atercicr. Oscar: Un cas de cancer de I’uretrc chez I’hom.nc. Union mod. du 
Canada 61:336 (Feb.) 1932. 
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necessaiy to determine the diagnosis. The significant facts in this case 
were that an epithelioma had developed on an old stricture and that, 
after dilatation and nrethrQtom}^ the stricture formed again with 
unusual rapidity. It is emphasized that anv stricture of the urethra 
which does not respond to suitable treatment should be suspected of 
being produced by an epithelioma. 

[Compilers'’ Note. — These pathologic lesions of the urethra, 
although rare, must be borne in mind, and in some instances in which 
there is a history of a stricture of the ui'ethra or of other lesions which 
have recurred, it is important that the preoperative diagnosis be as 
accurate as possible. When the diagnosis is not clinically established, 
urethrography should be done. Gutierrez and Lowsley,®'’ when reporting 
6 cases of diverticulum of the urethra, found in the literature 116 
cases, in most of which the diagnosis rvas made at operation and in 
man}’- instances was followed by perineal and urethral complications for 
lack of correct diagnosis. The study revealed the importance of taking 
urethrograms in all unrecognized pathologic conditions of the urethra. 
This applies to primar}- malignant growth of the urethra and the 
so-called incurable cases of multiple stricture of the urethra.] 

UROGRAPHY 

iMark and Johnson stated that 25 per cent sodium bromide is 
unsuitable and dangerous as a urographic medium because of the con- 
stant injury to the mucosa of the bladder, even when no undue pressure 
or overdistention is present, and because its action is markedly hemo- 
lytic. Sodium iodide in 12.5 per cent solution, although causing much 
less hemolysis than sodium bromide, produces a recognizable edema 
of the mucosa and irritation. lopax in 30 per cent solution causes 
approximately the same degree of hemolysis as 12.5 per cent sodium 
iodide, but its use is unaccompanied by any mucosal or submucosal 
■change, and there is no evidence of irritation. Skiodan (methiodal) 
in 20 per cent solution causes no hemolysis and is totally free from any 
irritating qualities. 

The use of either iopax or skiodan (methiodal) eliminates the 
danger of bilateral pyelograms when they are necessary for renal and 
ureteral study. Overdistention is productive of injury and pain, even 
if mild solutions . are used, but the real factor in causing irritation and 

55. Gutierrez, R., and Lowsley. O. S. : Chirurgische Behandlung der Ham- 
robrendivertikel mit Projektion, Verhandl. d. deutsdi. Gesellsch. f. Urol. 8:312. 
1928. 

56. }^Iark, E. G., and Johnson, E. T.: The Immediate Effects of Various P.ve- 
lographic Ivledia upon the Mucosa. J. Urol. 27:595 (May) 1932. 
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injiiry (o is in (lie clianicter of (lie clnitj i(sclf and its immediate 

effects on (lie mucosa. 

WV’Sson com|)ai‘cd the relative merits of iopax, skiodan (meth- 
iodal), and neo-iopax for intravenous nrogra])Iiy. Neo-iopax was the 
most .satisfactory hecanse of the sliarimcss of pictures, absence of 
untoward reactions and ease of administration. The best neo-iopax 
pictures were usually made at live minutes. In cases in which rupture 
of a kidney, ureter or blackier is sus]5ccted, intravenous urography 
should be the first diagnostic iiroccdure. In acute cases of ureteral 
stone the urogram on the unaffected side will be good and will show 
an increased density of the kidney on the affected side, but no outline 
or a delayed outline of (he pelvis and ureter will be observed. 

Intravenous urography is only one of the various diagnostic pro- 
cedures, and its findings should be cbecked as far as possible by 
retrograde cystoscopy. To a certain extent it has restored a large field 
of medicine to the general practitioner, but the ultimate exact diagnosis 
should depend on the more conclusive data of the urologist. 

Dourmashkin stated that intravenous pyelography frequently sup- 
plies the only medium for ascertaining renal function on the affected 
side when there is apparently complete obstruction of the ureter by 
calculus. In the majority of chronic cases of ureteral stone, intrave- 
nous pyelograph}" demonstrated perfect renal drainage. The presence 
of impassible obstruction is not a criterion wbich determines complete 
impaction, for in many such cases perfect drainage is revealed by 
intravenous pyelography. This method is of no aid in localizing calculi 
composed of uric acid. Open operation should not be used in any 
case unless its indications are clearly defined by intravenous pyelography. 

URIN.ARY ANTISEPTICS 

Riaboff stated that pyridium is eliminated in high concentration 
by the kidneys of normal subjects. If patients arc in bed its elimina- 
tion is considerably lower than normal. When administered by mouth 
it is not toxic or irritating to the genito-urinarv tract. A pathologic 
study of organs removed from animals given pyridium in large doses 
disclosed no destructive or degenerative processes in the tissues. It 
had some bactericidal and bacteriostatic effects on Bacillus coli and 


57. Wesson, I\r. R. : Intravenous UroRraphy: A Xcw DiaRiiostic Procedure 
for (he General Practitioner. Urol. & Cutan. Rev. 36:2% f^rayl 19.32. 

58. Dourniaslikin, R. L. : Tlie Value of Intravenon.s Pyelo.erapliy in the Man- 
agement of Ureteral Calculi: Based on a Studv of 45 Cases, T. Urol. 27:637 
(June) 1932. 

59. Riaboff, P. J. : Study of Pyridium as a Urinary .Antiseptic with Special 

Reference to Its Elimination by the Kidneys, J. Urol. 27:329 (March) 19.32. 
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Staphylococcus aureus in water and urine. Pyriclkun excreted in the 
urine had no bactericidal or bacteriostatic effects on Bacillus coli or 
Staph 3 dococcus aureus in A'itro. 

UKOLOGY AND GYNECOLOGY 

Stevens expressed the opinion that the urologist should have some 
knowledge of gjmecolog}’’ and be conversant with the pathologic condi- 
tions of the abdomen and pelvis. Because of the frequent similarity of 
symptoms and not uncommon association of lesions of the female 
urinary and generative organs, examinations of both tracts is almost 
always indicated, particularly before surgical procedures. Vaginal 
examination will reveal many of the lesions of the urethra, bladder 
and lower third of the ureters, as well as those of the uterus, tubes, 
ovaries and broad ligaments. Stud}' of 1,052 female patients with 
symptoms relating to the urinaiy tract disclosed that pathologic or 
physiologic conditions of the generative organs were possible or prob- 
able etiologic factors in about 25 per cent. Salpingitis is the most 
common pelvic condition requiring to be distinguished from disease of 
the urinary tract. 

Injuries to the bladder and especially to the ureters during gyneco- 
logic operations are not unusual. Partial or complete retention of urine 
is common, and occasionally, p 3 ''elonephritis, as a postoperative compli- 
cation in the majority of cases. The urethra should be thoroughly 
examined, since pathologic conditions are more common in this organ 
than in any other portion of the urinar}' tract. Such conditions often 
are responsible for symptoms suggestive of lesions of the generative 
organs of women. Infections and other pathologic changes of the 
adnexa should be eradicated in the treatment of many urologic lesions. 

[Compilers" Note. — It is remarkable that gynecolog}' and urology 
have been separated as specialties, since the former implies a study of 
the generative part of the genito-urinar}' S 3 'stem of women. No such 
division in practice has been made in the case of men. The Kelly 
school in Baltimore has long held that the two fields should be included 
under one specialt}'. Certainh' the proximit}' of tlie nrinar}' and the 
generative S 3 'stein in women and the frequenc}' of associated disease 
make it imperative that the g 3 'necologic specialist be familiar with urol- 
ogy', and vice versa. Stevens’ presentation offers a good argument m 
favor of this contention.] 

60. Stevens, W. E. : Differential Diagnosis of Pathologic Conditions of the 
Urinary Tract and the Female Generative Organs, J. Urol. 2.7:103 fjan.) 1932. 
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PLASMA CELL MASTITIS— A LESION SIMULATING 
MAMMARY CARCINOMA 

A CLINICAL AND PATHOLOGIC STUDY WITH A REPORT OF TEN CASES 
FRANK E. ADAIR, M.D. 

NEW YORK 

Eight years ago my associates and I operated in a case of what was 
believed at the time to be mammary carcinoma. There was present a 
hard, diffuse mammary tumor. The nipple was retracted. The breast 
had the peau d’orange appearance t3'pical of carcinoma. The axillary 
nodes were much enlarged and quite hard. There was no question in 
the minds of the several clinicians who examined this patient as to the 
diagnosis of carcinoma, as nearly all of the classic diagnostic signs were 
present. A radical amputation was performed. Examination of the 
specimen later in the laboratory, to our complete surprise and chagrin, 
revealed no cancer. Dr. Ewing, after making a careful study, rendered 
the diagnosis of “plasma cell mastitis,” a term entirel}^ new to us. He 
named this lesion plasma cell mastitis on account of the overwhelming 
preponderance of the plasma cell. This cell is not prominent in the 
more common forms of chronic mastitis and other conditions of the 
breast, except as the occasional stray cell ; but in this lesion there are 
broad sheets of plasma cells. In addition to this, the microscopic slide 
shows “remarkable atypical proliferation of lining cells of ducts which con- 
siderably resembles carcinoma” (Ewing). A subsequent scrutiny of the 
details of the case left us in somewhat of a quandary as to how to avoid 
making a similar diagnostic error, provided such a case again came into 
our hands. During the course of the past eight 3’ears ten such cases 
have come under our observation, and an anal3'sis of these cases has 
convinced us that this group, difficult of diagnosis for both clinician and 
pathologist, represents a distinct clinical entit3’. Our studies of these 
cases lead us to the conclusion that plasma cell mastitis is a disease of 
the breast which gives a characteristic histoiy and possesses features 
which usuall3' make a clinical diagnosis possible even though difficult. 

The object of this report is: (n) to establish the condition in this 
group of cases as a distinct clinical disease among mammar3- lesions, 
(h) to place the diagnosis on a more cleancut basis and (r) to prevent 
performance of grave and possibh- unneces.sarv operations. 

From the Bre.ist Service and Patliolojjicnl Laboratories of tiie Mcmori.-il 
Hospital. 
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Literature on the subject of mastitis is especially voluminous. This 
seems, however, to be the first report on this type of mastitis, except the 
article on the subject to he found in the recent hook by Cheatle and 
Cutler, “Tumours of the Breast,” which is based on a study of the ten 
cases herein reported. The reader is referred to this article. 

At times the diagnosis of mammar)' cancer is easy even for the 
novice; but at other times it is impossible for one possessing an extensive 
experience to be sure of the exact nature of the lesion. The difficulty 
of diagnosis in this group of cases will be emphasized by the fact that 
six of these ten cases were diagnosed as cancer by several men who 
have a large experience in the diagnosis of cancer. 

In general, the present difficulty with clinicians in arriving at a cor- 
rect diagnosis of diseases of the breast is that they too quickly conclude 
that the lesion is cancer, provided one or more of the diagnostic points 
are present, such as : retraction of the nipple, skin attachment, peau 
d’orange appearance, hardness and irregularity. They do not give 
sufficient considei'ation to the fact that certain benign lesions give some 
of the signs generally considered to be characteristic of mammary cancer. 
Since women now present themselves for examination much earlier than 
previously, the difficulties of diagnosis have greatly increased. It is 
therefore most important that added consideration be given to each one 
of the diagnostic points and that the most exact history possible be 
elicited. 

Clinically, the two most common and difficult lesions to be differen- 
tiated from cancer are: (a) a localized area of chronic mastitis and (h) 
fibro-adenomas in young women. 

It may be helpful at this point to give a list of those benign lesions 
which at times simulate carcinoma and occasionally give one or more 
of the signs of cancer such as skin attachment, retraction of the nipple, 
elevation of the breast, peau d’orange appearance or irregularity of the 
contour of the breast. They are the following: (1) traumatic fat 
necrosis,- (2) plasma cell mastitis, (3) chronic lactation mastitis,^ (4) 
subacute inflammatory mass. (5) tuberculous mastitis, (6) gumma ■* and 

1. Cheatle and Cutler: Tumours of the Breast, Philadelphia, J. B. Lippincott 
Company, 1931, p. 298. 

2. Lee, Burton J., and .'^dair, Frank E. : Traumatic Fat Necrosis of the 
Female Breast and Its Differentiation from Carcinoma, Ann. Surg. 72:189 (Aug.) 
1920; A Further Report on Traumatic Fat Necrosis of the Female Breast and Its 
Differentiation from Carcinoma, Surg., Gynec. & Obst. 34:521 (.\pril) 1922, 
Traumatic Fat Necrosis of the Female Breast and Its Differentiation from Car- 
cinoma, Ann. Surg. 80:670 (Nov.) 1924. 

3. Cohn, L. Clarence, and Bloodgood, J. C. : Chronic Lactation Mastitis, Sup- 
purative and Non-Suppurative, .Am. J. Cancer 16:487 (May) 1932. ^ ^ 

4. .Adair, Frank E.: Gumma of the Breast: Its Differential Diagnosis irom 
Carcinoma. .Ann. Surg. 79:44 (Jan.) 1924. 
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sypiiililic niaslitis, ( 7 ) deep al)scess (occasionally). ( 8 ) C3'st (iiifrc- 
(pieiitly), ( 9 ) intracanniciilar fiijm-adcnoina (rarch'), ( 10 ) traiiiiiatic 
mastitis and ( 11 ) l)enii;;n lesion sncii as fibro-adenoma or papillary C3'st 
adenoma lyintj within the areola. 

In tin's list of eleven henijjn lesions it is to he noted that seven are of 
various forms of mastitis. 'I'lie diagnosis of clironic mastitis of the 
simple forms (hypertrophic, cv.stic and fibrous) is usuall3' easy as it is 
more commonlv bilateral and the entire gland is involved. One is able 
to jn'eU up tlie breast as a whole, the edge of which is sharp]3' defined 
and. as has often been said. like the edge of a saucer. 

d'lic natural history of plasma cell mastitis should he divided into 
two stages: 

(o) The acute phase. Unfortunateh', the clinician iarel3' has the 
op]iortunit3^ to examine the ])atient during this earl3’' phase because the 
acute symptoms such as pain, discomfort and tenderness are of such a 
mild degree tliat the ])aticnt infrequentl3’ seeks medical advice. The 
lesion does not proceed to al)scess formation. There is a mild degree of 
local heat, tenderness and discomfort. The condition occurs spontane- 
ously in a nonlactating breast. The acute process gradually subsides 
leaving tlie breast tlie seat of a residual, nontender tumor. 

(b) Residual phase. This phase varies in duration from several 
weeks to several months after the appearance of the acute phase. The 
presence of a mass (fig. 1 ) brings the patient to the pltysician. He 
finds that the mass is not tender to palpation ; it may be sharpl3f localized 
or a diffuse thickening; it is firm; there nia3’- or may not be a discharge 
from the nipple; if present, it is water3'' or cream3' and on microscopic 
e.xamination reveals cellular detritus, mucus and desquamated degen- 
erating lining cells. Pumping the breast with a breast pump produces 
this discharge over long periods if continued. Edema is frequentl3' 
present over the tumor or in the dependent portion of the breast, giving 
the peau d’orange appearance. The nipple is retracted. Enlarged firm 
axillar3r nodes are usuall3' present. Acute and subacute inflammator3' 
signs are completely lacking. At this stage the lesion closel3’^ simulates 
mammary carcinoma. 

The clinician is practicall3^ forced b3' the preponderance of the 
multiple signs of carcinoma, to andve at a diagnosis of cancer unless he 
carefullv considers the preceding histor3' of the case. 

Just as it is true that the differentiation of mammary cancer from 
traumatic fat necrosis ■ is impossible except Iw a detailed scrutin3' of 
the preceding historv of a competent producing injurv. so it is true in 
plasma cell mastitis that one must reh" on tlie antecedent histor3' of 
inflammation. 
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As a rule, in our cases, even though the breast was nonlactating 
(with one exception), there was a histor}' of acute inflammation accom- 
panied by redness, tenderness and discomfort. This is the most 
important single point in the history. In our later cases we felt capable 
of making a correct diagnosis. In one of them we correctly suspected the 
exact pathologic condition for as long as two years ; but as so little 
change took place in the tumor itself, we felt forced to capitulate from 
our position of frequent observations and operate in order to be certain 
of our diagnosis. This was before the days when we began to make 
such valuable use of aspiration ^ and punch ® biopsy for assistance in 
diagnosis. 

Another of our patients was under observation for two years. We 
thought the history so t 3 'pical and the lesion so characteristic that we felt 
confident of the diagnosis of plasma cell mastitis. This patient was 



Fig. 1 (case 10). — Photograph showing slight discoloration or duskiness of the 
left breast ; also retraction of the nipple. The affected breast is heavier than the 
right, and there is a diffuse hard thickening in the outer half and a peau d’orange 
appearance. One large axillary node was present. It is five and a half years since 
the only pregnancy. The patient was under observation for two years before 
operation. 

later operated on in another institution in New York City for cancer, the 
radical amputation being done. The slides were sent to us, and the con- 
dition proved to be plasma cell mastitis (fig. 1). 

COURSE 

It is of great importance and interest to know exactly what happens 
to the tumor if left alone. In the two foregoing cases, we have had a 

5. Martin, Hays E.. and Ellis, Edward B. : Biopsy by Needle Puncture and 

Aspiration. .Ann. Surg. 92.: 169 (.Aug.) 1930. 

6. Hoffman, William J. : New Technic and Instrument for Obtaining biopsy 

Specimens, .Am. J. Cancer 15:212 (Jan.) 1931. 
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i;irc oiipnrUniity to s1ik1_v its course. 'J"o our surprise ])ractically no 
cliaui;e took i)lacc for two years. Tlie tumors seem to have no tendency 
to resolve spontaneously, l^ven the use of the breast pump over a con- 
siderable period had hut little influence, in spite of the fact that one 
could nearly always obtain some secretion from the nipple ducts. 

We present no evidence that plasma cell mastitis is a true forerunner 
of cancer ; but, on the other hand, there is no evidence that it is not. 
In general, it appears to take a long time for the etiologic factors 
actually to ]iroduce a cancer of the breast. No one is certain what 
would transpire in this particular tumor over a period of ten or fifteen 
years if left alone. The chemical irritation of the retained puriform 
material in all likelihood results in the proliferation of the lining epithe- 
lium until there arc sometimes as man}' as six or eight rows of hyper- 
chromatic epithelial cells. This would definitely place the lesion in the 
“precancerous” group in the usual interpretation of that term. We have 
had the unusual experience of watching two cases for a period of two 
years without cancer developing, but even so, a reasonable attitude 
toward this lesion would be to regard it as one capable of later develop- 
ing into cancer. Provided this assumption is justifiable, it should then 
be treated as other precancerous lesions, by removing the mass itself 
and leaving the rest of the breast untouched. 

ANALYSIS OF TEN CASES 

Age . — The age incidence in the ten cases is from 29 to 44 years. 
Although it is true that the average age is 36.3 years, which is well 
below the decade (from 50 to 60 years) Avhen most mammary cancers 
develop, still any one with experience does not hesitate today to render a 
diagnosis of mammary cancer in the decade of 30 to 40 3 'ears or younger. 
The average younger age of these patients, therefore, should be of some 
aid in the diagnosis. 

Duration Since Last Lactation . — ^The duration of time since the last 
lactation seems to have no bearing on the etiology. In fact, in the 
majority of instances it was a period of several years since the last lacta- 
tion. In one case, it was nine years. If the one instance of an actually 
lactating breast were excluded, the average time since the last lactation 
would be nearly four years. 

Previous Pregnancies . — In no instance did plasma cell mastitis occur 
in an unmarried woman. With the exception of case 8, in which there 
was one miscarriage, there was an average of nearly four previous preg- 
nancies in each case. This suggests strongly that improper drainage of 
the breast has an important bearing on the etiology. 

Symptoms . — As a rule, the presence of a lump brought the patient 
to the physician. In going into the history of the patients, it is interesting 
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to note that they commonly had previously complained of a pain local- 
ized in the region of the lump. Pain was the first S 3 'mptom noted by 
the patient, and it was frequently accompanied by localized redness and 
also at times by a discharge from the nipple. The patients stated that 
even in the acute stage the breast was not especially tender on palpation. 
The patient in case 9 had redness and tenderness which subsided under 
cold applications, leaving a residual hard lump. The lack of symptoms 
which bother the patient is striking in this disease. 

Nipple Discharge. — In seven of the ten cases there was either a spon- 
taneous discharge at the nipple or a discharge produced by gently strok- 
ing the breast toward the nipple. As a rule, the material was thick and 
typical of stagnated dilated ducts. In case 3, either by stroking the 
breast or b}^ pumping with a breast pump, there was consistently 
obtained from the identical six ducts a thick creamy material. From the 
breast of the patient in case 2 a test tube full of creamy material was 
obtained at the first pumping, and up to the date when a mastectomy was 
performed we were able to obtain some of this thick material. In case 1, 
the material was yellow and purulent. The sign of a discharge from the 
nipple is of definite aid in the diagnosis of plasma cell mastitis. 

Weight. — As a rule, the involved breast is heavier than the opposite 
unaflected breast. This, however, is true of carcinoma and is therefore 
of no aid in the differential diagnosis from cancer. 

Retraction of the Nipple. — This sign is commonly positive in cancer 
of the breast. In our ten cases of plasma cell mastitis, it was definitely 
positive in eight (80 per cent), and in two cases the history did not men- 
tion this point. It seems to be a more consistent sign in plasma cell 
mastitis than in mammary carcinoma. 

Skin Adherence. — The tumor was adherent to the skin in six of the 
ten cases (60 per cent). In cases 4, 6 and 9 the sign was very marked. 

Pcau d’Orange Appearance. — In four of the ten cases a definite 
statement was made that this sign was positive. No mention is made on 
this point in several cases. 

Tumor. — The mass was alwa 3 's either firm or hard. It varied from 
a discrete, sharpty outlined mass to a firm ill defined but localized 
process. The largest mass was that in case 3, measuring 8 by 8 by 
10 cm. The lesions averaged approximately from 4 to 5 cm. in diameter. 

Axillarv Nodes. — In eight of the ten cases the axillary nodes were 
enlareed and hard. In case 8. it is stated that “there is a chain of bard 
nodes extending from the tail of th.e breast across the axilla. ’ In case 4, 
it is stated that “there is a hard mass in the right axilla 4 cm. in diame- 
ter.” The presence of enlarged hard nodes (SO per cent) is therefore 
more common than in cancer. 
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'J'lditsilhnniiuilinn 'frsl . — In only two of onr cases was this test used. 
In case 10. the hreast was o])a(iue to transilluinination ; in case 5, the test 
was neijative. 'I'liis test was not sufikienlly used to enable us to state 
what its value would lie in diagnosis. 

Prcopcralivc Diarjiiosis . — In two of our later cases (eases 2 and 10) 
the correct diagnosis of plasma cell mastitis was made. In case 5, the 
diagnosis of mastitis nodule was made, and in case 7, tuhereulous 
mastitis. In five cases a jinsitive diagnosis of c,ancer was rendered; in 
case 6. the jiathologic condition was thought to he carcinoma. In case 9, 
the case was classified as a ]irimar\' inoperable mammaiy carcinoma, and 
to add to the confusion a roentgenologic rejiort of the chest was returned 



Fig. 2 (case 2). — High power photomicrograph showing infiltration with plasma 
cells. The cytoplasm is granular with eccentrically placed nuclei. 


“evidence of metastasis.” In this case several large axillary nodes, a 
pig-skin appearance, skin attachment, retraction of the nipple and a hard 
tumor were present. It was a textbook example of a case giving nearl}' 
all the classic signs of cancer, and on the signs alone one would have 
been forced to render such a diagnosis. However, the patient’s history 
stated that “redness and tenderness were present for three weeks, sub- 
siding under cold applications, leaving a hard lump.” This important 
history of a lump residual after a preceding inflammatory process is the 
onl}"- factor that makes diagnosis possible in this disease. This point 
cannot be overemphasized in the diagnosis of plasma cell mastitis. 

Treatment . — In each of the ten cases the diagnosis could have been 
established and the patient cured by the local removal of the tumor — a 
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small and simple operation. Instead of this, in eight cases, mastectom}' 
was performed, while in onl}' two local operations were used. The latter 
was due to the fact that we paid especial attention to the history of a 
preceding inflammatory process. Since the proper line of treatment 
rests on a correct diagnosis, it is obvious that the exact diagnosis of this 
condition will save man}' patients from an unnecessarily large operation. 
Incidental!}', in statistical studies of end-results it is probable that some 
“cures” include some cases of plasma cell mastitis. 



Fig. 3. — Photomicrograph showing the heaping-up of the layers of lining cells 
characteristic of plasma cell mastitis. Certain ducts indicated by crosses are com- 
pletely filled with hypertrophic cells suggesting comedocarcinoma. 


Pathology . — There are three outstanding characteristics of this 
lesion: (a) J\larked infiltration by the plasma cell (fig. 2). This cell 
is of rare occurrence in lesions of the breast. It has granular cytoplasm 
with an eccentrically placed nucleus. It is thought by some to be a 
wandering blood corpuscle that occurs in certain chronic lesions. In 
plasma cell mastitis the cells occur in broad sheets, invading the ducts, 
the walls and the interstitial tissues. 
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(b) Proliferation of the cells lining the ducts. The}' pile tip six to 
ten rows deep, with hyperchroniatic epithelium. This gives an appear- 
ance at times diflicull to distinguish from comedocarcinoma (fig. 3). 

(e) Formation of giant cells (fig. 4) from these proliferating lining 
cells. 'J'he itresence of these gi:mt cells together with their arrangement 
at times makes difl'erenliation from tuberculous mastitis puzzling. 



Fig. 4. — Photomicrograph showing a tremendous heaping-up of duct lining cells 
almost filling the large ducts. 


Case 7 presents the clinical appearance of tuberculosis of the breast 
(fig. 5). An abstract of the ten cases is given here. 

The pathologic reports are of such interest and value, especially to 
pathologists, that Dr. Ewing’s exact descriptions are quoted in detail. 

Case 1. — A. R., aged 44, had had four children, eight years elapsing since the 
last lactation. She came for e.xamination on account of a lump in the breast. 
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There was a purulent yellowish discharge from the nipple. The breast was dis- 
torted in shape. The nipple was retracted and fi.\ed. A tumor measuring 6 by 6 
by 6 cm. lay behind the nipple. Axillary nodes were present. A preoperative 
diagnosis of carcinoma was made, and a radical amputation was performed. 

“The large ducts are distended with pus and the walls infiltrated with many 
plasma cells. The prominent feature is the presence of many small ducts moder- 
ately filled with pus lined by very hyperplastic and hypertrophic epithelial cells, 
somewhat resembling beginning carcinoma, except that the cells are not hyper- 
chromatic; about these ducts there is a rich infiltration of plasma cells, but no wide 
areas of diffuse plasma cell infiltration in this breast. There are many giant cells 
including fat globules. Extensive hyperplastic lymphadenitis.” 

Case 2. — K. S., aged 40, had had five pregnancies, twenty months elapsing since 
the last one. Although painless to palpation, some sticking pains were experienced 
in the left breast. On pumping with a breast pump, a large test tube of creamy 
material was obtained. The left breast was much heavier than the right. The 
nipple was retracted. There was skin adherence and a peau d’orange appearance. 
The tumor measured 7 by 8 bj’ 7 cm. Man 3 ' large hard axillar}- nodes were present. 



Fig. 5 (case 7). — The appearance of a breast with a condition simulating 
tuberculosis. There is wide area of skin infiltration, retraction of the nipple, dis- 
coloration and marked irregularity with a suggestion of an old healed sinus. 

There was no elevation of temperature. The leukocyte count was normal. A pre- 
operative diagnosis of plasma cell mastitis was made, and mastectomy was per- 
formed. 

“This is a typical case of focal and diffuse plasma cell mastitis in which many 
leukocytes and lymphoc 3 -tes are mingled with plasma cells. The infiltrated areas 
represent ducts and measure from 1 mm. to 1 cm. in diameter. The epithelium 
shows marked h 3 'perplasia but terminates in the formation of many giant cells.” 

Case 3. — R. C., aged 44, had had eight pregnancies, two 3 ’ears elapsing since 
the last lactation. Eight months before she was seen by us she noted a lump in 
the breast, but felt very slight pain. When the breast was stroked toward the 
nipple or when it was pumped, a creamy material came through si.x ducts. The 
nipple was retracted. A mass was present measuring 10 by 8 by 8 cm., the size 
of a lemon. Large axillary nodes were present. A preoperative diagnosis of car- 
cinoma was made, and mastectom 3 ' was performed. 

“This is a rather typical case of plasma cell mastitis. There are broad areas 
in which the ducts are obliterated by diffuse exudate of plasma cells. The epithelial 
cells are degenerating, and there are man3' giant cells containing lipoid material , 
there are comparativeK' few poE'nuclear leukoc 3 ‘tes. ^lost of the epithelial cells 



An.-IIR— PLASMA CULL MASTITIS 


745 


arc iniiiiili'd aiul lost ainoiif; (lie iilastiia cells. There is moderate reactive fibrosis 
about some lobules. The ttiaiit cells are at times very numerous and somewhat 
resemble miliary tubercles." 

Cask d. — M. \V., aited -10, bad bad three iircKiiancics. At the time of e.vaniiiia- 
tioii the breast was lactatiiiK. the patient baviiiR bad a child four weeks previously. 
Two days before the birth of the child .she noted pain in the breast and the presence 
of a lump. The skin over the lump was red. This was aspirated twice, but only 
serum was obtained. There was marked skin adherence. A tumor was present 
measuring 8 by •} by -1 cm. A mass was present in the right axilla measuring 
4 cm. in diameter. The patient was examined by ten jibysicians, and the diagnosis 
was made of a probable carcinoma in a lactating breast. A local removal of this 
mass was made, and a frozen section immediately examined. 

“Material received consists of a mass of tissue size of small orange, and con- 
taining mostly dense translucent tumor-like tissue surrounded by a zone of fat 
tissue. The mass has all the density and resistance of carcinoma. On section there 
are many peculiar ochre yellow points and spots 1 to 3 mm. wide which project 
proniincnth’ as from pressure. These xantbomatoid foci are soft not semifluid, not 
inirulent, but not firm eiiotigb for tumor tissue. In the densest portions of tissue 
there are no chalky streaks, but much of the dense tissue appears cicatricial and 
very suspicious of carcinoma of rapid growth. 

“Microscopic sections show as the main features numerous foci, very cellular 
and composed of large rounded and polyhedral cells distended with lipoid material 
and often containing a great many polynuclear leukocytes and miliary abscesses. 
All these foci contain a great many plasma cells, which infiltrate the tissue widely. 
These fatty foci arc the protuberant xantbomatoid areas mentioned in the gross. 
The glandular and duct epithelium seems to disappear in the mass of polyhedral 
cells and plasma cells and nowhere are there any definite foci or sheets of car- 
cinoma cells. Yet in many less altered lobules the acinar cells are rather atypical 
and hyperchromatic. The outlying tissue contains many breast gland lobules which 
show the changes of lactation. 

“Diagnosis . — Subacute suppurative and plasma cell mastitis in a typical case 
of focal and diffuse plasma cell mastitis.” 

Case S. — C. B., aged 32, had had one child, nine years elapsing since the last 
lactation. A lump had been present in the right breast for one week. The patient 
had had some pain in this breast for a month. There was a discharge from the 
nipple. The ducts all felt thickened. The nipple was markedly retracted. The 
breasts were asj'mmetrical, and the right breast was very hard. A small lump 
measuring 1 by 1 by 1 cm. was present in the right breast. No axillar\'' nodes 
were present. The transillumination test was negative. A preoperative diagnosis 
of mastitis was made. The local removal of the mass was performed. 

“Specimen consists of a fragment of tissue measuring 4 by 2.5 cm. composed 
of fat and fibrous tissue. At one point there is an area of denser fibrous structure 
measuring 0.5 cm. with one or two chalky streaks. Sections of two small ducts 
show the usual appearance of epithelial proliferation and degeneration with plasma 
cell infiltration.” 

Case 6. — A. K., aged 32, had had five children, three years elapsing since the 
last pregnancy. Four months before she was seen by us she noted a lump in the 
breast and secretion at the nipple. Some pains were present over the lump. The 
discharge from the nipple was watery. The skin was markedly adherent to (he 
tumor. The mass measured 6 by 4 by 4 cm. The peau d’orangc appearance was 
present. A preoperative diagnosis of probable carcinoma was made, and mast- 
ectomy was performed. 
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Remarkable atyiiical proliferation of liniiif; cells of ducts wliich considerably 
resembles carcinoma but the cells arc hydropic and degenerating. Afanj' giant 
cells.” 

C.\SF. 7. — A. I., aged 39 years, had had four pregnancies, three years elapsing 
since the last one. One year before she was seen by us she bad pain in the left 
breast accompanied by redness. This disappeared in two weeks. Two weeks 
before she bad a dull pain in this breast and found a lump present. There was a 
sinus near the nipple. The nipple was retracted. ^larked skin adherence was 
present. The mass measured 5 by 6 by 3 cm. Enlarged nodes were present in 
both axillae. A roentgenogram of the chest was negative for tuberculosis or can- 
cer. A peau d’orangc appearance was present. A preoperativc diagnosis was 
made of tuberculous mastitis (fig. 5), and mastectomy was performed. 

“In this case the plasma cell e.xudatc is limited to walls of ducts; the epithelial 
proliferation is very marked and at some points resembles comcdocarcinoma. !More 
often the proliferating epithelial cells degenerate into giant cells. Guinea-pig inocu- 
lation indicated.” 



Fig. G (case 8). — Photograph showing a mass in the right breast measuring 
8 cm. in diameter. The nipple is retracted; the breast is elevated and irregular in 
outline ; skin attachment is present. There is “a chain of hard axillary nodes 
e.xtending across the axilla.” It is a typical case of plasma cell mastitis. 

Case 8 (fig. 2). — C. M., aged 29, five months before she was seen by us had 
bad a miscarriage. Following this there was caking of the breast. One month 
ago she noticed a lump which had been increasing in size. It was not tender. 
There was a discharge at the nipple. The breast was elevated and larger than the 
opposite breast. The nipple was retracted, and skin attachment was present. 
There was a mass measuring 8 by 8 by 8 cm. and some smaller lumps about this. 
A chain of large nodes e.xtended from the tail of the breast across the axilla. A 
roentgenogram of the chest was negative. The diagnosis of carcinoma was made, 
and the patient was given a series of radium packs. Mastectomy was then per- 
formed. 

“Alain lesion surrounds and involves the large ducts which are filled with pun- 
form material and epithelial detritus. There is a rich wide periductal infiltration 
of plasma cells, but no diffuse areas of infiltration. Afany giant cells. Stain for 
tubercle bacillus negative.” 
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C.\si; 9. — 1’. (J,, nficd 31, had had three children, one and a half years elapsing 
since the last lactation. Three inonth.s before coming to ns there were redness and 
tenderness in the hreast, which snhsided under cold applications, leaving a hard 
hnnp. There was no discharge at the nipple, which was markedly retracted. The 
tumor was adherent to the skin. 'J'he ma.ss measured 8 Li' 6 by 6 cm. Several large 
axillary nodes and a i)eau d’orange appearance were ])rcscnt. A diagnosis was 
made of a very cellular, highly malignant carcinoma. The patient received a scries 
of radium packs. Radical mastectomy was performed. 

“Gross diagnosis suggestive of lubcrciilosi.s. The lesion consists of dilatation 
of many large and small ducts by pnriform material containing many plasma cells 
and exfoliated epithelium ; there arc verj- few polynuclear leukocytes. About the 
ducts there is rather wide plasma cell infiltration. There are many giant cells of 
all sizes. Hyperplastic lymphadenitis.” 

Case 10 (fig. 1). — F. S., aged 32, had bad one child, five and a half years elaps- 
ing since the last pregnancy. Symptoms began with intermittent pain in the left 
breast which had been present for one 3 ’car. There was no discharge from the 
nipple. The left breast was markedh' heavier than the right. The nipple was 
retracted. mg-skin appearance was present. There was a diffuse thickening 
throughout the outer half. One large bard node was present in the axilla. The 
breast was opaque to transillumination. Our diagnosis was plasma cell mastitis. 
The patient was urged for a period of two j-ears to have this diagnosis confirmed 
by operation. At the end of this time she went to another hospital where a radical 
mastectomy was performed with the diagnosis of carcinoma. The slides were 
loaned to us, and Dr. Ewing, after e.xaminatioii, stated it was a typical case of 
plasma cell mastitis. 

Bacteria . — Tlie picture afforded b}' plasma cell mastitis frequently 
suggested that careful bacteriologic studies be carried out. Unfor- 
tunately. these studies were made in but four of our cases. In case 1 
there was obtained “a pure growth of a large coccus, not identified.” In 
another case there was “a rich growth of a large coccus growing in fours 
and pairs laterally dividing.” In two cases the lesion so closely simu- 
lated tuberculosis that guinea-pig inoculations w’ere carried out. Both 
cases proved negative for tuberculosis. Among other phases of the 
disease process is the interpretation of the presence of bacteria and the 
bearing on the etiologic factors discussed by Dr. Ewing. 

Pathologic Interpretation (b}^ Dr. James Ewing). — “From a survey of 
the present material it appears that we are appl 3 ung the term plasma cell 
mastitis to a special group of cases which belong in the general class 
of chronic or subacute suppurative inflammation of the duct system of 
the breast. These cases differ from the ordinary suppurative mastitis in 
the absence of definite abscesses and generalh' in the wide extent of the 
process. The process is also much less acute and the productive element 
much more pronounced than in suppurative mastitis. These facts indi- 
cate that bacterial infection plan’s a less prominent role and chemical 
irritation a more prominent role than in suppurative mastitis. In the 
particular group of cases which has attracted our attention the plasma 
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cell iiifiltration i.s extremely :il>u!i«l:mt and widopreafl, prodnciiii,' rather 
bulky tumor masses which clinically resemble activi- carcinoma, .'iiid even 
under the microscope may he dilhcnlt to distiuiL:uish from cellular car- 
cinoma. 

“ The main s,'ross anatomic feattne is the pre.'ence of many much 
thickened ducts, which are Idled with puriform material, and may extend 
over a larije segment or nearly the whole of the breast. In the most 
characteristic cases the cellular exitdate is dilTiise, makin.tr a broad 
opaque, sometimes, yellowish tumor-like mass, in which the distended 
ducts arc less obvious or even not visible. 'I hese are the cases which 
resemble carcinoma, hut as a rule, there are small foci of i)uriform soft- 
ening which are not found in carcinoma. 

“The ])lasma cell e.xudate begins in the walls of the ducts and extends 
between acini in adjoining lobules when the prfjcess becomes dilTuse. 
Polymorphonuclear leukocytes are jiresent in variable mnnhers. hut arc 
often quite scanty. The idiagocylo.sis of fat is a jjrominent feature and 
many of the cases show a great many large ])lasma cells engorged with 
fat and resembling xanthoma. 'I'he.se .areas have a yellow color. 

“Proliferation of the lining epithelium is a peculiar and i^rominent 
feature. The affected ducts are lined by from six to ten rows of large 
somewhat hyperchromatic epithelial cells, which often raise the suspicion 
of carcinoma of the duct. Yet the later progress of these proliferating 
cells ends not in carcinoma but in generation fr.agment.ation and forma- 
tion of giant cells of all sizes. Many of the giant cells and degenerating 
epithelium produce structures which closely resemble tuberculosis. Usu- 
ally the foreign body nature of these giant cells is obvious because they 
usualty contain much fat. Stains for tubercle bacilli are negative, and 
guinea-pig inoculations are also negative. The appearance of the pro- 
liferating epithelium in the early or milder stages of some cases strongly 
recalls the appearance of comedocarcinoma. It seems probable that 
comedocarcinoma arises under much the same conditions, but only 
when the chemical irritation is more prolonged and less severe. In a 
few cases the proliferating epithelial cells produce man}'^ small slightly 
hyperchromatic giant cells, a picture which again approaches that of 
large cell carcinoma. 

“Bacteria have been isolated from several cases, but the exact identit}' 
of the strains have not been determined nor their exact relation to the 
inflammatory process. Usualty the bacteria are large cocci growing in 
pairs or short chains. They are never A^er}'^ numerous, and some cultures 
are negative. It may therefore be concluded that while bacterial infec- 
tion is probably a necessarj’^ factor in the process, its influence is less 
prominent than the chemical effect of decomposing fatt}' material.” 
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A iludy is inado of a lesion of (he hreasl whicli we tenii plasma cell 
mastitis. 'I'en cases are analyzed, 'i'his lesion is difficnlt to distinguish 
from mammary cancer hy clinical signs alone. The signs of cancer are 
]>resen(, such as hardness of (he tumor, retraction of the nipple, skin 
attachment, peau d'orange appearance and a.xillary nodes. With such 
signs ]n-esent. (he only possibility of arriving at a correct diagnosis lies 
in the evaluation of the characteristic history. The typical history is 
(hat at some preceding date an inflammatoiy process was present in a 
nonlactating breast, which process was accompanied by redness, mild 
tenderness and mild discomfort. As the s\'m])toms of the acute phase 
l^ass off. a residual hard mass remains. This mass is not tender or 
painful. In eight of our ten cases, mastectomy was performed because 
of the difficulty of diagnosis. The lesions bad most of the signs of 
mammary carcinoma. The |ircsent analysis of our cases shows, however, 
that this is a diagnosable lesion clinicall3^ The microscopic interpretation 
is vciy puzzling, as at times the lesion closcl}' simulates comedocarcinoma 
and at other times tuberculous mastitis. It is a precancerous lesion and 
should be treated by local removal onl}'. 
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An ;ilit“n)i)l to incrc.'iNC t)ie iifiliz.'ition oi cnrhohydratos hy surgical 
means may lollow various courses, h may try to stimulate the forma- 
tion of islets in the pancreas and increase the insulin output of the 
gland. J 1 one regards the insulin deficiency as the primnry cause of 
dialjctes, an increase of insulin production would he highly desirable. 
Alinkovski's ‘ belief that the diabetic organism is unable to utilize carbo- 
hydrate has been greatly strengthened by the isolation of insulin, and 
seemingly gave the final blow to the alternate theory of diabetes, emphat- 
ically upheld by von X'oorden - since 1910, namely, that hyperglycemia 
and glycosuria are due to an overproduction of sugar, owing to a hyper- 
irritability of the sugar-producing apparatus in the liver. This theory 
naturally emphasizes the nervous regulation of carbohydrate metabolism 
and would call for an attack on the nerve suppl}’ of organs that are 
effecting the utilization of carbohydrates. Our surgical attempts were 
shaped to conform to both theories, and we are presenting a summary 
of our efforts in both directions. 

aXETHOnS OF STUDY 

In previous communications * we have described various trials with oral, intra- 
peritoneal and intravenous administration of de.xtrose to determine sugar tolerance. 

From the Department of Physiology and Pharmacolog}', Northwestern Uni- 
versity Medical School. 

Read before the Section on Surgery, General and Abdominal, at the Eighty- 
Third Annual Session of the American Medical Association, New Orleans, May 
13, 1932. 

Aided by a grant from the Billings Club. The more recent work on celiac 
ganglionectomy was aided by a grant of the Committee on Scientific Research of 
the American Medical Association. 

1. Minkovski, O. : Untersuchungen fiber den Diabetes mellitus nach Exstirpa- 
tion des Pankreas, Arch. f. e.xper. Path. u. Pharmakol. 31:85, 1893. 

2. von Noorden, C., and Isaac, S. : Die Zuckerkrankheit und ihre Behandlung, 
ed. 8, Berlin, Julius Springer, 1927, p. 216. 

3. de Takats, G. ; Correlations of E.xternal and Internal Pancreatic Secretion : 

I. General Considerations and Review of the Literature, Arch. Surg. 19:771 
(Nov.) 1929; II. The Histologic Changes in the Isolated Tail of the Pancreas, 
ibid. 19:775 (Nov.) 1929. de Takats, G., and Nathanson, I. T.: III. The Effect 
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Ily f.ir tlic iiK'st nccmntt' niul constant data wore obtained witli the method of 
\\'oodyali, Sansnin and Wilder,' who used an electric pnnip to administer sugar 
solutions at timed rates. All dogs were on a standard kennel diet and were coni- 
I'lctcly rela.xed, in a hasal state, during which a continuons injection of S per 
cent dextrose was given for one lunir. lixcitable dogs or dogs that were difficult 
to train to lie (piictly for an hour were rejected. The autoclaved, S per cent 
solution of Pfanstiehl dextrose was passed through a waterbath with a glass coil, 
so that the temperature of the solution was even throughout the experiment. 
L'rme was then collected for twenty-four hours, and the sugar, if present, was 
determined by Pencdicl's method. Troin two to three preoperative determinations 
were made. The normal dog, completely relaxed, shows a sugar tolerance of 
from 1.6 to l.S Gm. of dextrose per kilogram per hour, but most dogs, after several 
determinations, may show a tolerance of from l.S to 1.9 Gm. per kilogram of body 
weight, which amount, if injected intravenously for an hour, will fail to produce a 
glycosuria. In many of the later experiments, blood sugar determinations were 
also made at the beginning and at the end of the injection, and were followed up 
to four hours after the completion of the test, to see how fast the excess of sugar 
would disappear from the blood stream. It will be noted that our figures for 
normal tolerance arc much higher than those of the originators of the method, 
which is probably due to the use of isotonic solutions in our work and the insistence 
on complete relaxation of the animal. 

Following various surgical procedures, which were to be tested, such tolerance 
determinations were repeated once or twice a month, the first determination usually 
being made two weeks after the operation. All dogs used in this series were 
observed for at least six months, but some were followed for over two years. 

In addition, blood sugar curves were determined following small intravenous 
injections of epinephrine and insulin before and after the operation. Epinephrine 
was given in doses of 0.02 mg. per kilogram of weight, and insulin in doses of 
0.1 unit per kilogram. The blood sugar was determined at ten, twenty and thirty 
minutes and one, one and a half and two hours after injection by the modified 
Folin-Wu method. 

The operations performed were : ( 1 ) ligation of the tail of the pancreas, which 
was effected by tying a strong silk ligature or narrow tape of linen around the 
splenic portion of the gland; (2) adrenal denervation, which was obtained by 
cutting the splanchnic nerves and small sympathetic branches to the left adrenal 
gland and removing the right adrenal gland; (3) denervation of the liver, which 
was obtained by the complete severance of all structures in the liver pedicle with 
the exception of the hepatic artery, hepatic vein, hepatic duct and portal vein, which 
were carefully stripped and, in addition, touched with phenol, and (4) celiac gangli- 
onectomy. The left adrenal gland was exposed by an incision running parallel 
to the left costal margin. The left suprarenal plexus was picked up and followed 
toward the median line. Above the celiac axis, the left and right semilunar 
ganglions were exposed and removed, their connections with subordinate plexuses 
being cut. 


of Ligation of the Tail of the Pancreas on Diastase in the Blood, ibid. 19:788 
(Nov.) 1929. de Takats, G. ; Hennett, F. ; Henderson, D., and Seitz, I. J. : IV. 
The Effect of Isolation of Tail of Pancreas on Carbohydrate Metabolism, ibid. 
20:866 (May) 1930. 

4. Woodyatt, R. T. ; Sansum, W. D., and Wilder, Russell M. : Prolonged and 
Accurately Timed Intravenous Injections of Sugar, J. A. M. A. 65:2057 (Dec. II) 
1915. 
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KI'.Sfl.TS (il‘ oiT.HATtONS 

/^i(fiiti()it (If the Tiiit (If the I’tniereas . — In iirc-vioiis coininuiiications 
the su.u'sfc-stioii (»f Mansfehl," that a ligature aroiiiul the hurly of the 
jiaticreas increases su,i;ar Inlerance, was investif,'ate(I. 'I'herc is aclerjuatc 
evidence to show that wlien the tail of the pancreas, whicli contains more 
islet tissue than tile rest of tiie jxland. is turned into a ductless gland by 
olistrncting the external secretion, hypertn;])!)!' anrl hyjierplasia of islet 
tissue develop in the ligated tail, with a corresponding increase in sugar 
tolerance. Observations on two diabetic children, on whom such an 
operation was carried out. confirmed the experimental findings of a rise 
in tolerance.'' 

It has been assumed by Mansfeld and other workers, who repeated 
his experiinents,'' that the increase in tolerance was due to a hyiierfunc- 
tion of islets in the tail of the pancreas. While this was unmistakably so 
a few months after the operation, biopsies undertaken from ten to fif- 
teen months after the operation showed that the excluded jiortion of the 
pancreas had almost disappeared, with the exception of the duct and 
strips of sclerotic tissue around it (fig. 1). This is not surprising in 
view of the observation made on jiaucreatic trans])lants by Ivy and 
Farrell," that an atrophy and fibrosis of the transplant took place when 
it was prevented from secreting pancreatic juice. The degree of sclero- 
sis following obstruction of the duct has been carefully studied by 
Jorns,® who stated that a ligature of the duct would be followed by a 
greater rise in tolerance than a complete severance of the duct, because 
in the former case the duct would become reestablished and prevent the 
progressive strangulation of the -islets. 

In marked contrast to the atrophy of the part distal to the ligature, 
the unligated part of the pancreas seemed unusually bulky. A section 
taken from the same dog’s pancreas, in which a marked fibrosis was 
present, distal to the ligature, showed an abundance of islet tissue prox- 
imal to the ligature (fig. 2). This compensatory h 3 'pertrophy was found 
in all five dogs that had a ligation of the pancreatic tail from eight to 
fourteen months previous to exploration. The regenerative power of 

5. Mansfeld, G. : Versuche zu einer operativen Behandlung des Diabetes, Klin. 
Wchnschr. 6:1, 1927. 

6. (a) de Takats, G., and Wilder, R. M. : Isolation of Tail of Pancreas in a 

Diabetic Child, J. A. M. A. 93:606 (Aug. 24) 1929. (b) de Takats, G.: Liga- 

tion of the Tail of the Pancreas in Juvenile Diabetes, Endocrinology 14:255, 1930; 
The Effect of Ligating the Tail of the Pancreas in Juvenile Diabetes, Surg., 
Gynec. & Obst. 53:45 (July) 1931. 

7. Ivy, A. C, and Farrell, J. L; A Method for the Subcutaneous Trans- 
plantation of the Tail of the Pancreas, Am. J. Physiol. 77:474 (July) 1926. 

8. Jorns, G. : Experimentelle und klinische Beitrage zur Pathologic der 
Langerhans’sehen Inseln, Beitr. z. klin. Chir. 146:1, 1929. 
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tin- ])riiiciT;i;> lias been cmpliaj-izcd I)y I*'. M. Allen," Fahr and others. 
Kenidval of panerealie tissue, however, results not only in regeneration 
hnt in a sn]ierregeneratinn. as manifested by an increase in sugar toler- 
ance ” unless the gradual removal is carried to a point of exhaustion in 
the remnant. 

When the ligated j)ortion of the pancreas is removed from the dog, 
which shows an increase in sugar tolerance, the tolerance does not drop, 
but on the contrary rises (tig. 3). This can be explained only by the 
stimulating effect of the removal of the tail on the remnant. Thus, we 
were unable to confirm the statement of Mansfeld,'"' that the removal of 






f/.v f: 


-r 




Fig. 1. — Marked sclerosis of the ligated tail of the pancreas, one year after the 
operation. There are only small patches of parenchyma left. The blood vessels 
are numerous and have thick walls, indicating the increased resistance of the 
tissues to blood flow. There are no islets visible in this field. Fibrous connective 
tissue dominates the picture. 

the ligated tail of the pancreas terminates the increased tolerance in the 
experimental animal. 

The rise in tolerance then observed following a massive ligature 
around the body of the pancreas produces a Iwpertrophy and Iwperplasia 

9. Allen, F. M. : Studies Concerning Diabetes and Glycosuria, Boston, \V. M. 
Leonard, 1913. 

10. Fahr, T. : Diabetes Studien, Virchows Arch. f. path. .Anat. 215:247, 1914. 

11. Elias, At., and Waller, K. : Zur Wicderherstellung der Funktion dcs Inscl- 
apparates, Zlschr. f. d. ges. exper. Med. 74:S1, 1930. 








Fig. 2. — Section from the body of the pancreas. The tail was ligated six months 
previously. There is an abundance of islet tissue. The section looks like many 
of the pictures obtained from ligated portions, but there is no dilatation of ducts 
and no increase in fibrous tissue. 


Ligation of the Tail of the Pancreas and Adrenal Denervation. It 
was reasonable to assume that if an increased or uninhibited secretion of 
insulin were present following ligation of the tail of the pancreas, the 
mechanism which normally maintains the blood sugar level would 
attempt a compensation. The emergency theory of Cannon, Mclver and 
Bliss could be well applied to a prolonged state of hyperinsulinism. 

12. Cannon, W. B. ; Mclver, M. A., and Bliss, S. W. : A Sympathetic and 
Adrenal Mechanism for Mobilizing Sugar in Hypoglycemia, Am. J. Physiol. 69:™, 
1924. 
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i lui;;. Kickllc in doves ;iii(I I-aiif^eckcr '* in rabbits produced an 
increase in the size and \veii,du of the adrenals following prolonged 
administration of insulin. Jn man. (iray and I'eenister described a 
byjH’itropby of the sui)rarenal medulla in the presence of insular hyper- 
trophy and hyi')eri)lasia, whereas Chiari reported an insulin-resistant 
diabetes with a large suprarenal hyperplasia. The patient had received 
100 units of insulin without any lowering of blood sugar. 

'I'bat such a suprarenal response might be at play following the 
increased activity of islet tissue after ligation of the pancreatic tail was 
suggested to us by an unmistakable enlargement of the adrenals seen 
in four of si.\‘ dogs that came to autops\’ not earlier than a year after the 



Fig. 3. — Sugar tolerance curve of dog SO (measured in grains per kilogram per 
hour). Following ligation of the tail of the pancreas (on March 20, 1930), the 
tolerance rose from 1.6 Gm. per kilogram per hour to 1.9 Gm., and after three 
months, to 2.1 Gm. This tolerance was maintained for three months, after which 
a decline took place. The removal of the ligated tail (on April 23, 1931) did not 
decrease the tolerance further, but, on the contrary, a second rise took place, 
reaching the peak of 2.4 Gm. three months after the second operation. When this 
curve declined, splanchnic section on one side (on September 29) and later on 
the other side (on November 24) resulted in a steep rise of tolerance, becoming 
stabilized at 2.8 Gm. 


13. Riddle, O. ; Honeywell, H. E., and Fisher, W. S. : Suprarenal Enlargement 
Under Heavy Dosage of Insulin, Am. J. Physiol. 68:461 (Ma 3 -) 1924. 

14. Langecker, Hedwig: Der Einfluss chronischer Insulinzufuhr auf die Neb- 
ennieren beim Kaninchen, Arch. f. exper. Path. u. Pharmakol. 134:155, 1928. 

15. Gra\', S. H., and Feemster, L. C. : Compensatory- Hypertrophy and Hyper- 
plasia of the Islands of Langerhans in the Pancreas of a Child Born of a Diabetic 
Mother, Arch. Path. 1:348 (iMarch) 1926. 

16. Chiari, H. : Ein Fall von Diabetes mit Hypertrophic der Xebennierenrinde, 
Wien. klin. Wchnschr. 42:1318 (Oct. 10) 1929. 
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tail ()l the |)atK’rca> \va> isnlati-d. Iti llin’c caM-> the iiicdtilla was cystic 
and llu‘ cortex cnlarijed. \\ lu-n adrenal denervation was adrlcd to !it;a- 
tion of tile pancreatic tail, tin* sn_”;ir toler.ance ro>e np to tlie fourth 
month, closely corri’spondinit witli the riM‘ followini,' the pancreatic 
oper.'ition, hnt inste.'id of decliniii” after the fifth month, it continued to 
rise, reached a peak at the sixth month and remained hi,t,'h until the 
eii;hth month, the eiul of the ohservation (fit;. -1). There was no enlarge- 
ment of the adrenals in this series. 

J hns, the second group of experiments seemerl to inhihit the 


mednlliadrenal res])onse to the.increased activity of the insular apparatus, 
lint in the light of the exiieriments of Britton and his co-workers,’” who 
found that cats became exceedingly sensitive to insulin following inac- 



Fig. 4. — Composite graph, indicating the effect of various operations on sugar 
tolerance (measured in grams of dextrose per kilogram per hour). A represents 
the fluctuations in tolerance following ligation of the tail of the pancreas (in five 
dogs). A gradual rise, a peak at the fourth month, a decline after five montlis 
and a somewhat higher status at seven months than before operation are shown. 
B shows the tolerance after denervation of the liver (two e.xperiments). There 
was no appreciable rise in tolerance, except that due to a better relaxation of the 
animal. The tolerance never rose above 2 Gm. per kilogram per hour. These two 
experiments also serve as controls, to show that repeated intravenous determina- 
tions per se do not increase tolerance above the normal level. C represents the 
tolerance curves of five dogs with denervation of the adrenals and ligation of the 
tail of the pancreas. The rise in tolerance in these dogs showed a gradual char- 
acter, but around the fifth month, when tolerance declined again in a dog with 
ligation of the tail alone, the five animals increased their tolerance to almost 3 Gm. 
per kilogram per hour. D illustrates the average of the tolerance curves of five 
dogs that had undergone celiac ganglionectom)'. With the exception of one dog 
in which the tolerance had not been determined before the fifth month, the toler- 
ance rose suddenly after the operation, in one case reaching the height of 3.8 Gm. 
per kilogram per hour. 

17. Britton, S. W. ; Geiling, E. Af. K., and Calvery, H. O. : Medulli-Adrenal 
Secretion and Carbohydrate Metabolism, Am. J. Physiol. 84:141, 1928. 
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tiv;Uioii of the :i(Ircii:il medulla, adrenal denervation per se must pro- 
foundly influence carbohydrate metaboli.sm. 'J'luis the blood sugar 
curves following the administration of epinephrine and insulin show 
a sluggish response to the former and a marked hypersensitivit}' to the 
latter (fig. 5). In one instance adrenal denervation was claimed to 
protect a ]iancreateclomized dog from diabetes.’'" 

Driu'rralioit of the Liver . — This ojicration was undertaken with the 
idea of interrupting all nervous impulses that might lead to a mobiliza- 
tion of glycogen. In 1S94, Cavazzani observed that the liver cells lost 
glycogen and became smaller, and that the blood sugar rose, when the 
celiac plexus was stimulated with an electric current. Recently, 
Dcjn'scli. Hasendhrl and Schdnbauer -® reported a flattening of tolerance 
curves following denervation of the liver pedicle both in normal and in 
partially pancreatcctomizcd dogs. Soon after we started this series of 
e.xperiments. Donald's work from Mann’s laboratories appeared, which 


triNEPMRINE RtSPONSr INSULIN RESPONSE 

OOtMC P!R KU,OC'VfN INTCAVJNOIJSLY OI UNIT Ptli KllO iNTRAVfNOUSW 



Fig. 5. — Response to epineplirine and insulin following various surgical pro- 
cedures. Epinephrine was given in doses of 0.02 nig. per kilogram of body weiglit 
in 10 cc. of physiologic solution of sodium chloride, intravenously. Insulin was 
administered intravenously, 0.1 unit per kilogram of body weiglit. A is the average 
of thirty curves of normal controls. In D (average of five curves), note that 
denervation of the liver did not change the response to epinephrine or insulin. 
Epinephrine hypergljxemia was diminished in the group that underwent ligation 
of the pancreatic tail and adrenal denervation (C, average of thirty curves). The 
most striking change in the response to insulin occurred in the dogs with denerv- 
ated adrenals (jD, average of ten curves), because not only was tlie hypoglycemic 
dip marked but the recovery to a normal level was retarded. The dogs with 
denervation of the liver behaved like the control animals. 


IS. Ciminata, H. : Einfluss der Durchschneidung der Nebcnniercn auf den 
Diabetes mellitus, Klin. Wchnschr. 11:150, 1932. 

19. Cavazzani, Emil : Ueber die Verandcrungen der Lebcrzellen w.ihrcnd der 
Reizung des Ple.vus coeliacus. .A.rch. f. d. ges. Physiol. 57:181, 1894. 

20. Depisch, F. ; Hascnohrl. R.. and Schonbaucr, L. : Die Durchschneidung der 
vegetativen Kerven iin Ligamentum hepatoduodenalc. Klin. \\'chn5chr. 9:14.17, 
1930. 
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allows cniK'hisivt'ly that (li'iii'rvation of the liver dues not afTcct carbo- 
hydrate inctalailisni.-’ 'J'herefure. we cuiiteiited ourselves with the study 
01 two do! 4 S that had been observed for over seven months and that 
showed identical results, namely, that denervation of the liver pedicle did 
not increase snijar tolerance (fii;. -I). We have used these two dogs 
lor controls, illustrating that repeated tolerance determinations will not 
increase the sugar tolerance, at any time, over 2 Gm. of dextrose per 
kilogram per hour. 'I'he response to einnephrine and insulin docs not 
differ from th:it of the controls (ftg. 5). 

Celiac Caiu)lionecloiiiy . — This operation denervates cxtrinsically the 
pancreas, the adrenals and the liver. 'J'he latter receives some vagal 
branches from the left side, which may he sectioned separately. The 
nervous control of carbohydrate metabolism has been emphasized in 
Claude Bernard's experiments with ])ic]urc. The older literature has 
been summarized by Mock and one of us (Dr. dc Takats.--). The 
reviews of I’ollack and ^fcLcod,-* together with several experimental 
studies.-'' indicate (I) that vagal stimulation produces hypoglycemia, 
presumably through secretion of insulin, and (2) that splanchnic section 
increases the sensitivity to insulin. The e.xaggerated response of sym- 
pathectomized animals to insulin has recently been investigated by 
Dworkin.-“ 

In the light of these data it seemed important to e.xamine the effect 
of celiac ganglionectomy on sugar tolerance, as previous data in the 
literature were absent. The operation was performed on five dogs, and 
the results were followed over a period of at least seven months (fig. 4). 
The rise in tolerance has been higher than that observed with any other 
procedure, in one dog reaching the peak of 3.83 Gm. per kilogram per 
hour. This change took place immediately after the operation, when 

21. Donald, Joseph M. : Studies on Carboh}'drate Metabolism ol the Liver, 
Am. J. Physiol. 98:605 (Nov.) 1931. 

22. Mock, Harry E., and de TakMs, G, : Hyperglycemia Following Head 
Injuries, Ann. Surg. 90:190 (Aug.) 1929. 

23. Pollack, Leo : Pathologic und Physiologic der Blutzuckerregulation, 
Ergebn. d. inn. Aled. u. Kinderh. 23:337, 1923. 

24. McLeod, J. J. R. : Regulation of the Secretion of Insulin, Lancet 2:512, 
1931. 

25. Rupp, W. : Ueber den Einfluss des Nervensystems auf den Zuckergehalt • 
des Blutes, Ztschr. f. d. ges. exper. Med. 44:476, 1925. Britton, S. W. : The 
Nervous Control of Insulin Secretion, Am. J. Physiol. 74:291, 1925. Clark, G. A.: 
The Influence of the Vagus on the Islets of Langerhans, J. Physiol. 59:466, 1925. 
Geiger, E., and Szirtes, F. : Maximale Hypoglykemie ohne Insulin, Arch. f. 
exper. Path. u. Pharmakol. 119:1, 1927. Dresel, K., and Omonsky, F. : Der Ein- 
fluss des Vagus- und der Splanchnicusdurchschneidung auf die Adrenalinhyper- 
und die Insulinhypoglykamie, Ztschr. f. d. ges. exper. Med. 53 : 371, 1927. 

26. Dworkin, S. ; The Response of Sympathectomized Animals to Insulin, Am. 

J. Physiol. 98:461 (Oct.) 1931. 
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(<) insulin inllmvinK ccliric >;.'in,i,’liynccli)my, TIk- nnrinal, prc- 
(Iic r i'' iiKlicalcd Iiy the interrupted line. The .straight lines indicate 

in fro "isiiliu in three dogs following operation. Note the maximal dip 

followiii *"• ■’"•’"ts.’s, which reached the value of dl mg. of dextrose 

'"I r-'i venous adtninisiralion of 0.1 unit of insulin per kilogram of 
i)0(jy \vCiffhf 'rjwi J f I . ' T . 

meters * '"ood sugar is measured in milligrams per hundred cubic ceiiti- 
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eral hours f determinations before, at the completion of, and for sev- 

of 2 C° intravenous administration of 5 per cent dextrose at the 

Control Ca d”' Pcc hour. The straight lines indicate the norma! 

in which 17 Kg.); the interrupted line, a dog weighing 20 Kg., 

ce lac ganglion was removed five months previously. 

Tri 

lose weip-°f^ series maintained excellent health and did not 

respirator^ • r tolerance tvas occasionallj' influenced by skin or 

and a prop- onlj' one dog in the last series did diarrhea 

observation^^^^*^'^ "'eight develop. He was e.xclnded from further 
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(•(IM.MIIN'T 

It scciiis. till'll. I’roin till' fl;it:i tliiit siiu'.'if tolcraiice in tlie 

noriii:i! dni,'. :is (k'tfniiiiird with iiitravcnoiis injections of dextrose at 
timed rates, may he raised Iiy various suruic.'il procedures. 'I'lie rise in 
tolerance that follows the li”;ition of the t.ail of the pancreas conies on 
gradually, reaches its ])eak from the third to the sixth month following,' 
operation and later declines. 'I'lie atrophy of the ligated tail ]>rodnccs 
a sn]U'rrett:eneration of the militated jiortion which may he accentnatecl 
hy a secondary removal of the heated part. Like all processes of repair, 
the sn])erre,i;eneration does not pro^n-ess or remain nnchantred. but 
gradually adapts itself to the functional needs of the normal body. Our 
observations on diabetic children with this method would not indicate, 
outside of a decided increase in tolerance, that the original diabetogenic 
factor had been excluded. 'I'liis was pointed out in onr first communica- 
tion with ^\'ilder.'"• 

If, however, the jioint of attack is the nervous regulation of carbo- 
hydrate metabolism, the most rajiid and greatest increase in tolerance is 
accomplished by celiac ganj^dionectomy. 'I'he tolerance rises rajiidly and 
is maintained at the average level of 3.4 Gm. ]ier kilogram at the eighth 
month, although an individual rise of 3.8 Gm. has been recorded, and 
one dog showed a tolerance of 3.6 Gm. at the end of one year. This 
means that a dog weighing 15 Kg. would utilize, instead of 30 Gm. of 
dextrose given intravenously, an amount of 51 Gm.. a hitherto unob- 
served rise in tolerance. 

The explanation of this large rise in tolerance cannot yet be 
attempted. As denervation of the liver has no effect on sugar tolerance, 
there remains the effect of denervation on the pancreas and adrenals. 
That the inactivation of the adrenals increases insulin susceptibility has 
been shown without doubt, and our own observations confirm this. As 
to the effect of celiac ganglionectoiny on the pancreas, an increased flow 
of blood or an inhibition of vasoconstrictor impulses to the vascular 
system of the islets could be thought of. This operation also inhibits 
the enz)aue secretion -of the pancreas.-' If it could be shown that the 
rise in tolerance is not entirel}' lost in the absence of the pancreas, this 
\vould focus the entire problem on the adrenals. 

If these experiments on the nervous control of carbohydrate 
metabolism are to have a clinical application, they would have to be 
based on the acceptance of the “overproduction” theory of diabetes, 
with a denial of impairment in carbohydrate ox 3 -dation by the diabetic 
organism. The work of Soskin -® has furnished significant data in this 
direction. 

27. Baxter, S. G. : Nervous Control of the Pancreatic Secretion of the Rabbit, 
Am. J. Physiol. 96:349, 1931. 

28. Soskin, S. : The Utilization of Carbohj'drate by Totally Depancreatinizecl 
Dogs Receiving No Insulin, J. Nutrition 3:99 (Sept.) 1930. 
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SUMMARY 

Four series of ex]5eriuients have been conducted with the object of 
increasing sugar tolerance in tlie normal dog: (1) ligation of the tail 
of the pancreas, (2) ligation of the tail of the pancreas with denerva- 
tion of the adrenals, (3) denervation of the liver and (4) celiac 
ganglionectoiny. The first lu'occdure laid stress on an increased or 
uninhibited output of insulin, which does not persist in the normal 
animal indefinite!}’. When adrenal denervation is added, however, to 
the first operation, the tolerance is maintained on a high level. Denerva- 
tion of the liver did not affect sugar tolerance. Celiac ganglionectoiny 
raised the sugar tolerance to hitherto unobserved levels, and its effect 
has lasted as long as fourteen months unchanged. 

Tests for epinephrine and insulin susceptibility showed that liver 
denervation did not alter the normal response to either of these hor- 
mones. However, adrenal denervation and celiac ganglionectoiny flat- 
tened the epinephrine-glyceinia curves and markedly increased the insulin 
hypoglycemia. These tests indicate the profound influence of these 
operations on carbohydrate metabolism. 

122 South Michigan Avenue. 

ABSTRACT OF DISCUSSION 

Dr. Joseph A. Daxxa, New Orleans : I have followed with considerable inter- 
est reports in the recent literature of surgical removal of adenomas and other 
tumors of the pancreas which were giving rise to clinical pictures suggestive of 
hyperinsulinism. The successful results in a number of these cases have helped 
to place the pancreas, or at least the island tissue of the pancreas, in the group 
of glands like the thyroid, pituitarj', parathyroid, etc., in that it is capable of 
hyperfunction as well as hypofunction. The surgical results in a number of cases 
of hyperinsulinism have corresponded with the results obtained in thyroidectomy, 
operations on the pituitary and parathyroid glands, etc. We seemed to be quite 
helpless, however, in influencing the course of diabetes or hypo-insulinism by any 
surgical procedure. 

The wonderful results following syinpathectom 5 ’ in Raynaud’s disease, Buerger’s 
disease and even angina pectoris are familiar to all of us. It remained for Dr. 
de Takats, however, to conceive the possibility of attacking the organs concerned 
with sugar metabolism through the removal of their sympathetic control. The 
results which he reports are rcrnarkable. It only remains now to see how well a 
human being will stand the removal of the semilunar ganglions. I was reminded 
by Dr. de Takats’ e.xperiments in denervation of the adrenal gland of the work 
of Dr. George Crile, who, I believe, has done more denervations of suprarenals 
in human beings than an.v one else. I was anxious to know whether he noted the 
same changes in blood sugar and sugar tolerance as took place in Dr. de Takats’ 
animals. I had hoped that Dr. Crile would be here to relate his own experience 
in this regard, but when I found that he was not coming, I wired him and received 
from him this answer : “Adrenal denervation increases sugar tolerance and lowers 
blood sugar. In a limited number of cases of operations on di-abetic patients they 
have bee!i greatly improved and may prove to be cured." 
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Tlii^ I iiiicrprct as fully corroliorativc of Ur. fit 'Inkats’ worf:. I have not 
had any i-xitcricncc in the ninnval of tlic fircat splanchnic yanylions in the human 
heini;. I heir Cc)ni|iarativc surKieal inacccssihilily will j)r(>l)al>ly not encourage 
many of ns, especially in the presence of so serious a contliiion as diabetes, to 
make tlie attemiit. 

I have been wondering as to the feasibility of performing the I-crichc operation 
on the splenic artery and on the gastrothiodenal arteries, separating the pancreas 
from its l)ed and tucking a layer of omentum between it and its bed. This itself 
would he a formidable aiul difiicult procedure, and the very free arterial and hence, 
probably, sympathetic anastomoses and the difliculty of entirely isolating the pan- 
creas woidd not promise much hope of markcfl lasting results. I shall look to the 
near future with considerable interest for further develojfments in this fascinating 
field, and especially to the results of the activity and further investigation of Dr. 
de Takats. 

Dit. J. Shiki.kv SwkkN'ey, Dallas, Tc.xas: This interesting jiapcr contains many 
promising implications. Dr. dc Takats has demonstrated something by his research 
that we cannot explain. To the internists he has raised some controversial points. 

When wc stop to remember that the cause of diabetes mcllitus is unknown, it 
is easy to understand why there may exist difTerent theories as to the pathologic 
Iihysiology of the disorder. Dr. de Takats refers to the overproduction theory of 
diabetes mellitus, stating; "If these exiieriments on the nervous control of carbo- 
hydrate metabolism arc to have a clinical application, they would have to be based 
on the acceptance of the overproduction theory of diabetes, with a denial of impair- 
ment in carbohydrate oxidation by the diabetic organism,” and at this point he 
refers to the experiments of Soskin as furnishing significant data in this direction. 

I wish that he would make this statement a little clearer. I think that in some of 
Soskin’s depancrcatizcd dogs there was evidence of active sugar metabolism as 
well as fat metabolism. Furthermore, I have always felt that fat metabolism was 
dependent on sugar metabolism. If the continued metabolism of sugar and fat 
might be ascribed to c.xtrapancreatic insulin, the paradox might be explained, but 
since Best and his co-workers have recently proved there is no insulin e.xcept in 
the pancreas, we are in doubt again. 

It is difficult for me to give up the idea that a deficiency of insulin is the reason 
for diabetes. It seems to me so much more physiologic than the concept of gluco- 
neogenesis — a lo'pothetic process. Conversely', certainly- when e.xcessive insulin is 
produced, as in metastastizing carcinoma of islet tissue, we have the antithesis of 
diabetes mellitus. But neither time nor an audience, composed largely- of surgeons, 
permits a technical discussion of this phase of the subject. In the ligation opera- 
tion, nervous control was undisturbed and an increase in sugar tolerance resulted, 
presumably owing to a regeneration of islet structures or more insulin. This 
seemed to be true also in the cases in human beings described by Dr. de Takats 
in other communications. True, the tolerance increased more following celiac 
ganglionectomy, but why is it not the same process, possibly by either blocking 
an inhibiting influence or by increasing pancreatic blood supply or diminishing 
adrenal secretion — a neutralizing substance? 

The recent observations of Zimmerman and Soskin are noteworthy. They 
found that by ligating the parotid ducts of normal dogs they were able to increase 
sugar tolerance, whereas in depancreatized dogs the same operation produced no 
results. 

There is an inextricable relation between sugar and fat metabolism. This is 
noted, especially in diabetes mellitus in adults, by the almost invariable antecedent 
obesity. Something, it seems, happens to fat metabolism and then to sugar metab- 
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Four series of experiuieiits have i)eeti coiuluctecl with the object of 
increasing sugar tolerance in the normal dog: (1) ligation of the tail 
of the pancreas, (2) ligation of the tail of the pancreas with denerva- 
tion of the adrenals, (3) denervation of the liver and (4) celiac 
ganglionectoim'. The first procedure laid stress on an increased or 
uninhibited output of insulin, which does not persist in the normal 
animal indefinitely. When adrenal denervation is added, however, to 
the first operation, the tolerance is maintained on a high level. Denerva- 
tion of the liver did not afreet sugar tolerance. Celiac ganglionectomy 
raised the sugar tolerance to hitherto unobserved levels, and its eftect 
has lasted as long as fourteen months unchanged. 

Tests for epinephrine and insulin susceptibility showed that liver 
denervation did not alter the normal response to either of these hor- 
mones. However, adrenal denervation and celiac ganglionectomy flat- 
tened the epinephrine-glycemia curves and markedly increased the insulin 
hypoglycemia. These tests indicate the profound influence of these 
operations on carbohydrate metabolism. 

122 South Michigan .A.venue. 

ABSTRACT OF DISCUSSION 

Dr. Joseph A. Daxnw, New Orleans: I have followed with considerable inter- 
est reports in the recent literature of surgical removal of adenomas and other 
tumors of the pancreas which were giving rise to clinical pictures suggestive of 
hyperinsulinism. The successful results in a number of these cases have helped 
to place the pancreas, or at least the island tissue of the pancreas, in the group 
of glands like the thyroid, pituitary, parathyroid, etc., in that it is capable of 
hyperfunction as well as hypofunction. The surgical results in a number of cases 
of hyperinsulinism have corresponded with the results obtained in thyroidectomy, 
operations on the pituitary and parathyroid glands, etc. We seemed to be quite 
helpless, however, in influencing the course of diabetes or hypo-insulinism by any 
surgical procedure. 

The wonderful results following sympathectomy in Raynaud’s disease, Buerger’s 
disease and even angina pectoris are familiar to all of us. It remained for Dr. 
de Takats, however, to conceive the possibility- of attacking the organs concerned 
with sugar metabolism through the removal of their sympathetic control. The 
results which he reports are rernarkable. It only remains now to see how well a 
human being will stand the removal of the semilunar ganglions. I was reminded 
by Dr. de Takats’ experiments in denervation of the adrenal gland of the work 
of Dr. George Crile, who, I believe, has done more denervations of suprarenals 
in human beings than any one else. I was anxious to know whether he noted the 
same changes in blood sugar and sugar tolerance as took place in Dr. de Takats’ 
animals. I had hoped that Dr. Crile would be here to relate his own experience 
in this regard, but when I found that he was not coming, I wired him and received 
from him this answer : "Adrenal denervation increases sugar tolerance and lowers 
blood sugar. In a limited number of cases of operations on diabetic patients they 
have been greatly improved and may' prove to be cured.” 
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Di:. Cii;z.\ iii; 1.\k\is, (. Iiic;ii;n ; '1 he cfTtcl of tile rcmov.'il of seniiiiinar ^;angli- 
oiis in tile normal dog has liccn carefully slndicd. These dog-s maintain iicrfect 
health. I hey do nut gain or h>se weight. Occasionally there is an increased peri- 
stalsis with a diarrhea lor a nimiher of wcelrs, which, however, always arijusts 
Itself. So lar as I know, studies of the effect of ccliac ganglionectomy performed 
lor other reasons in human snhjecls liavc not heen made. I do Jmoiv, houx’vcr, of 
liaticnt.s who have had the splanchnic nerves cut, and in such cases there is an 
increased jicristalsis for a few weeks. 

Suprarenal denervation, of course, can he accomplished not only hy Dr. Crile’s 
technic hut hy bilateral splanchnic section, whicii seems to me a simpler [)roccdurc. 

Regarding the remark of Dr. Sweeney, Soskin re[iortcd on totally depancrc- 
atized dogs which still utilized carhohydrates. 'I'hereiore In's work would confirm 
the old conception that in diabetes the primary disturbance is an overproduction 
of sugar and that the insulin deficiency is secondary, resulting from c.xhaustion 
of the islets. 

So far as diabetes in human beings is concerned, these experiments do not and 
cannot settle the etiology of diabetes, hut it would seem that diabetes is not a 
uniform disease, that persistent hyperglycemia and glycosuria arc a symptom. 
There must he a true pancreatic diabetes following, for instance, an acute pan- 
creatic necrosis. There may he, perhaps, a neurogenic diabetes, the c.xistence of 
which is denied by many. 

Regarding the operations on the two diabetic children that Dr. Harris referred 
to, both patients showed a very beneficial effect in that sugar tolerance was sta- 
bilized. However, I have felt from the beginning that all we accomplished was 
to raise their sugar tolerance, and that they arc taking now less insulin and per- 
haps a little more carbohydrate. It is with this idea in mind that we have under- 
taken the study of the nervous regulation of carbohydrate metabolism with the 
ultimate hope of attacking certain types of diabetes from this angle. 
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The late Sir James Mackenzie is reputed to have said that discus- 
sions on angina pectoris are usually futile, as they simply consist of the 
replacement of one speculative hypothesis by another. This has been 
true both as to the etiology of the disease and as to the most logical 
surgical method of preventing the attacks. It is not within the scope of 
this paper to review the multitudinous theories which have been put 
forward to explain the cause of these painful crises ; suffice it to say 
that by their ver}' number Mackenzie’s dictum has remained substan- 
tiated for many years. Recently, however, an increasing number of 
cardiologists have subscribed to the theoiy of Keefer and Resnik,^ that 
most cases of angina pectoris can be accounted for on the basis of 
anoxemia of the m3'ocardium. The experiments of Sutton and Lueth - 
have given strong support to this theory of the etiology of cardiac pain, 
as the}^ have shown in dogs that interruption of the flow of blood in a 
coronary artery causes an immediate and unmistakable pain response. 

As concerns the second point at issue, there has been no unanimity 
of opinion concerning the best operative approach to the problem. In 
the most up to date review of cardiac surgery. Cutler “ stated that little 
is known with any certainty about the nerve pathwa3's concerned in 
angina pectoris. The reason for this present uncertainty is due to the 
number of operations which have been advocated and to- the fact that 
all have given good results in some cases and complete failures in 
others. The reader who wishes to familiarize himself with these differ- 
ent procedures is referred to the writings of Jonnesco,* Leriche,' 

From the Surgical Services of the Massachusetts General Hospital. 
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iiiaii}' ollu'rs. Jveid and Andrus have reviewed the older operative 
l)roeeilnres. .and Swetlow " aint White tlie newer statistics of [)arn- 
vertehr.al injections ot .alcohol, I he results ol .all operative methods 
.are .snininari/ed in t.ahle 1, which is ni.ade np ot st.atistics from the litera- 
ture com|)iled by Cutler ' ■ .and ^'ont.aine." with the addition of the 
reports of oper.ations performed in the Massachnsctts ( iener.al IIosi)itaI. 

J'he results of .a live year sttuly of this problem b.a\a; convinced one 
of ns (Ii)r. White) that the imderlyint^ factor which accomits for the 
unsatisfactory results followinir tl'c cervical operatitms is the failure 
to interrnj)t enon”h oi the essential nerve connections of the heart. As 
in many ji.ast ])roblems. the ])ossibility of reproducin'; a condition in 
animals has helped in the clinical solution. Sutton and Lneth’s - method 
of iiroducinj; cardiac pain by occlndinj: the flow of blood in a coronary 

'r.Mii.K 1. — Siiriiira! rrornturrs in .hiiiiiut Pectoris 
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artery lias enabled us to find out what operative procedures are neces- 
sary for complete interruption of ail the cardiac pain tracts. A second 
experimental jirocedurc of our own has given us further insight into 
the efferent motor jiathways. We jiropose in this paper to give the 
results of these experiments and to correlate these findings with our 
operative experiences. 

EXrKRI.MEXTAL METHODS FOR DETERMINIXG THE CARDIAC 
PAIN PATHWAYS 

Tlie method described by Sutton and Lueth - has been used in these e.xperiments 
for the production of cardiac pain. The animals used were large young dogs, 
weighing from 10 to 23 Kg. Operation was performed under ether anesthesia, 
which was administered by insufflation through a catheter inserted in the lower 
part of the trachea. This method maintained adequate ventilation and distention 
of the lungs in the presence of open pneumothora.x. The fourth rib was resected 
from the sternum to the midaxillary line and the pleura opened. The pericardium 
was then drawn up and an incision, 1 inch (2.54 cm.) long, made in it. This gave 
a good exposure of the tip of the left auricle with the upper portion of the left 
ventricle and the left part of the right ventricle. The left coronarj' artery could 
be seen appearing from under the auricular appendage. It is at this point that it 
splits into its circumfle.x and descending branches. The descending branch running 
downward over the interventricular septum is easily accessible in its upper portion. 
A fine silk ligature threaded on a curved needle was passed just beneath the upper- 
most portion of the descending branch of the left coronary artery and its accom- 
panying veins (fig. 1). This was brought out through a glass tube with a flange 
at its lower end. The pericardium was then tightly closed around the flanged end 
of the tube, and the wall of the chest sutured in several layers around it to obtain 
an air-tight closure. Following aspiration of air from the pleural cavit}^ the 
tracheal catheter was withdrawn and the animal allowed to recover from ether. 

These animals seemed to suffer from no shock, and recovered rapidl)' from their 
anesthesia. Within an hour to an hour and a half they were up and walking around 
the laboratory as though little had happened. This procedure was carried out on 
four control dogs and on seventeen others following varied types of neurosurgical 
operations to test the presence or absence of conduction of pain. When the cardiac 
pain fibers were uncut, traction on the ligature for a period of only a few seconds 
invariably produced a characteristic stiffening of the limbs, a marked increase in 
the rate and depth of respiration, and if maintained for over ten or fifteen seconds 
a definite restlessness on the part of the animal. During the tests the dogs were 
allowed to lie on a large table without any form of restraint. Traction on the 
thread occluding the coronary artery was never maintained to the point at which 
the animal showed signs of even inodcratch' severe pain, but was discontinued as 
soon as the dog appeared to be uncomfortable enough to shift his position. W hen 
the pull was released, the animals immediately settled down again in perfectly com- 
fortable attitudes and resumed their normal, regular respiration. Respiration was 
recorded in each case on a kymograph registering the respiratory movements by 
means of a small band around the thorax which pulled out a rublicr membrane on 
a small tambour each time the animal inspired. 1 his tambour was connected 
through rubber tubing with a second tambour recording each inspiration by a 
downward stroke on the smoked paper. The respiratory tracing appeared to be 
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llic l)csi f;r;ii>ltic mclluxl of rci-nrdiiii; p:iiiiful stiniiili. In nnc case a l)lood pressure 
tracing was made as well, lint tailed to show strihing cltattges wlien the coronary 
circulation was occluded. 

I'or want of a liciicr word to dcscrilic tlie characteristic reaction to 
coronary occitision, tlie phenomena descrilted will he referred to here- 
after as evidence of cardiac pain. It is most important, however, to 
emphasize that none of these animals was ever permitted to suffer 
acutely. 

OltSKRV.ATIO.V 

1. Control Ohscn-alions . — Four doiis were tested hy this method, 
and three of their respiratory tracint;s are reproduced in figure 2. 



Fig. 1. — A, technic for temporary occlusion of descending branch of left coronary 
arterJ^ B, roentgenogram after injection of metallic mercury at the point of 
constriction (arrow) in the left coronary artery shown in A. The blood supply 
of the entire anterior wall of the left ventricle, part of the right ventricle and the 
apex of the heart can be temporarily cut off by traction on the ligature. 

These curves show strikingly the onset of deep, irregular respiration 
following occlusion of the descending branch of the left coronary artery. 
There is a striking contrast between this and the normal regular respira- 
tion seen before traction on the ligature and recurring a few seconds 
after its release. The behavior of these was equally striking and showed 
a characteristic change from a perfectly comfortable, relaxed animal to 
one with rapidly increasing discomfort. It was perfectly obvious that 
if the traction had been maintained a few seconds longer the dogs 
would have been suffering as acutely as persons in typical attacks of 
angina pectoris. The straightening and stiffening of the forelegs and 
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l) 0 (ly were also suggestive of a person in an abrupt attaek of angina 
pectoris or coronar)" occlusion. In cacli case the attack ])assed off williin 
a few seconds of the release of tension on the ligature, and the dog 
again appeared to he perfectl}’ coinfortalile and ready to rest (juictlv 
on the table. 

2. Effect of Left Stellate Gauglioncctoiiiy . — Figure 3 shows the 
anatomic relationships between the vagus and sympathetic trunks in (he 
dog. In the neck, just below the superior cervical sympathetic ganglion 
these two structures combine and form a common vago.symj)athctic 
trunk. In the region of the middle cervical sympathetic ganglion the sym- 
pathetic again leaves the A'agus nerve and passes as the annulus of Vieus- 
sens in front of and behind the subclavian artery. These two branches 
then unite to form the cervicodorsal or stellate ganglion, which in the 



Fig. 2. — Respiratory movements in control dogs, showing response to period 
of coronary occlusion of from ten to thirty seconds’ duration. In this and each of 
the subsequent figures, the time intervals are marked in seconds and the duration 
of coronary occlusion by the broad white signal line. 

dog is a fusion of the inferior cervical and first thoracic S3'mpathetic 
ganglions. It is a large and most important structure, the origin of the 
inferior cardiac nerve and the first ganglion to receive a white communi 
cant ramus, which means that it is the highest that is connected directly 
with the spinal cord. The superior and middle cervical SA'mpatheti'c 
ganglions, on the other hand, are connected to the spinal cord onh- 
nerve fibers which pass through the stellate ganglion. Below this 
ganglion the S3'mpathetic trunk becomes considerabh- smaller. 'Phe 
lower ganglions correspond with each of the intercostal nerves and are 
connected to them b 3 - both white and gra 3 - rami. 

While the classic sympathetic perijdieral pathways run from tly. 
cervical and stellate ganglions to the lieart. it is possible to see 
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Jil»iT.s Ic.'ivint,' (he tipper two to four tiiorncic g.'iii.ttlions 
niul niiiniin; in tlie direction of (lu; cai’fliac and pnitnonan' jjlexnscs. 
Jonnesco and l-jiarcliesco."' liraeiicker and Knntz and Morehouse '■ 
Ijax’c recently (raced tliese hhers into (lie posterior cardiac jjlexns. Do 
tliesc fillers carry important pain or motor stiinnii which plav an 
important part in anyina pectoris r If so. it is ohvions lliat in the human 



Fig. 3 . — Ptiotograph showing the thoracic sympathetic ganglions, the combined 
vagosj-mpathetic trunk and the thoracic portion of tlie vagus nerve in the dog. 
The cervicotlioracic or stellate ganglion is marked i". The other ganglions are 
numbered. When the sympathetic trunk is resected between the subclavian artery 
and the point X, cardiac pain is not interrupted. When the resections are carried 
to the point F on both sides, cardiac sensation appears to be entirely lost. 


15. Jonnesco, D., and Enarchesco, M. ; Nerfs cardiaques naissant de la chaine 
thoracique du sympathique au dessous du ganglion stellaire, Compt. rend. Soc. de 
biol. 97:977, 1927. 

16. Braeucker, W. : Der Brustteil des vegetativen Nervensj'stems und seine 
klinische chirurgische Bedeutung, Beitr. z. Klin. d. Tuberk. 66:1, 1927. 

17. Kuntz, A., and Morehouse, A.: Thoracic Sympathetic Cardiac Nerves in 
Man, Arch. Surg. 20:607 (April) 1930. 
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hein.g: no operation performed ihroujtli the neck can safely reach below 
the lower ])arl of the stellate ganglion; hence the presence of these lower 
structures may well account for the persistence of anginal attacks after 
cervical sym]5athcctomy. 

Figure 4 shows that after unilateral removal of the stellate ganglion, 
clogs tested In’ temporary occlusion of the descending branch of the left 
coronal’)’ artery gave distinct, painful responses. This, needless to say, 
shows that insufiicient cardiac pain fibers had been interrupted. 

3. Unilateral Resection of Stellate and Upper Thoracic Ganglions . — 
These dogs were subjected to the operation on the sympathetic ganglions 
from two to seven days previously. The operation was performed 



Fig. 4. — Cardiac pain transmission remained intact after resection of the left 
stellate ganglion in dog 5, tlie left stellate ganglion through the fourth thoracic 
ganglion in dog 6 and the left stellate ganglion through the fifth thoracic ganglion 
in dog 7. 

under ether or pentobarbital sodium anesthesia. An incision was made 
high in the axilla. The pectoralis major and minor and the scaleni 
muscles were retracted forward. (The scaleni in the dog originate from 
the lateral surfaces of the upper four ribs as a broad ribbon of mn.scle.) 
This gave an excellent exposure of the ujjper ribs at their vertebral 
articulations. A 2 cm. section of the proximal portion of the second 
rib was then removed extrapleurally and the pleura pushed forward oft 
the longus colli muscle. Through this ai)])roach the lower jwrtion of the 
stellate ganglion can be picked uji readily, and on cutting its rami the 
entire ganglion can be removed, along with the fibers of the anmiliis 
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<*t \ it'tissnis up to (he Mihclavian artery. P.y taking,' cnit a .slujrt section 
of the (hit (I or lourlli riiis as well, the whole sympathetic trunk down 
to the fomth or tilth dorsal j^anijlions can he removefl in one ])icce. 
'I'his ]iroce(lnre can usually he carried out e.xtraplenrally, hut even if 
the jilenra is o|)ened. the doj^s tolenite it well, provided the lungs are 
kept distended hy blowing air down the trachea. When the scalenus 
muscle is sutured hack in j)osition, the lejikage of air into the j)lcnral 
cavity is stopped and the residual air can easily he removed by aspira- 
tion. 1 his exposure gives an excellent view of the stellate ganglion 
and is jiarticularly suited for careful dissection of the ganglions below. 
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Fig. 5. — Ganglions resected in operations for angina pectoris : A, specimens 
from bilateral stellate ganglionectomy, the Jonnesco t 3 'pe of operation. Pain could 
still be elicited in five of six dogs. The specimen of the right stellate ganglion 
in dog 10 was lost. B, photograph of specimens after bilateral removal from the 
stellate ganglions down through the fourth thoracic ganglions. No pain could be 
elicited following this procedure. 



After this procedure the operative incisions healed well, and the 
dogs were in perfect condition a few days later, when the pain responses 
were determined. Figure 4 (dogs 6 and 7) shows that even after 
such a radical procedure as unilateral removal of the stellate and upper 
four to five thoracic ganglions, cardiac sensation is still intact, although 
as will be seen — it is probably limited to the side not operated on. 

4. Bilateral Stellate GangUoiiectomy . — This procedure amounts to 
the Jonnesco operation, as in carrying the dissection upward to the sub- 
clavian artery, all the sympathetic connections below the middle cervical 
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ganglion wore reinovocl. Figure 5 shows tiie extent of the resected 
nerves. Great care was taken not to injure the .sympathetic trunk 
furtlicr down than its first dorsal ramus. By leaving the second dorsal 
ramus communicans intact, we were taking out as much as could be 
ordinarily reached through a cervical incision. In fact, it is a question 
whether more than the inferior cervical portion of the stellate ganglion 
is usually removed in this operation, as the operators frequently describe 
the excision of only a single ganglion, and the structure in man normally 
consists of two sejDarate ganglions with an intervening isthmus. Figure 
6 shows that five of six dogs gave distinct painful responses. Dog 11 
showed no evidence of pain in his respiratory tracing, but to one 
observing his behavior it was obvious that he became somewhat restless 
at the time of stimulation. From these observations it is apparent that 



Fig. 6. — Respiratory tracings made following bilateral resection of stellate 
ganglions. They give clearcut evidence that cardiac sensation is still intact. 


pain pathways exist after the complete removal of the lower cervical 
S 3 'mpathetic and stellate ganglions on both sides. Do these pathwat-s 
enter the lower thoracic ganglions through direct postganglionic con- 
nections with the heart, or do the}' reach the central nervous s 3 -stem 
through the vagus or b}' still other pathwa 3 ’s? ^^^e hope to show Iw 
the following experiment that it is the recenth" discovered thoracic 
cardiac nerves which carr}' these residual painful stimuli. 

5. Bilateral Resection of Stellate and Upper Four Thoraeie 
Ganglions . — This operation was carried out in two stages f eight days 
apart) on an unusualh- irritable and sensitive 30 ung dog. Three dfivs 
later the usual ligature was passed around the uppermost portion of 
the descending branch of the left coronarv arterv. Two hours after 
operation the dog was completelv out of the ether anesthesia, walking 
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around the laboratory and interested in everything that was going on. 
On account of his playfulness, it was only with considerable difficulty 
that he could be induced to lie down and breathe regularly enough to 
produce an even kymographic tracing. Each time the coronary artery 
was occluded there was no sign of a response, either in the respiration 
or in the behavior of the dog (fig. 7). That he was extremely 
responsive to ordinary stimuli is shown at points in the tracing marked 
B, where the skin of the extremities was lightly pinched. This pro- 
cedure bears out the results obtained by removal of these ganglions in 
the human being. One of us (Dr. White has reported the results 
of this operation on four human beings. In three of these there has 
been complete relief of pain on the side operated on, although anginal 
attacks remain unaltered on the other side. In the one case in which 
pain has persisted, it is present in a mild form and only over a small 
area in the arm. This is probably due to the fact that the stellate 



Fig. 7. — Respirator}' tracings after removal of both stellate ganglions and the 
sympathetic trunks to the level of the fourth thoracic ganglions : A, coronary 
occlusion produced no evidence of any perception of the stimulus. B shows an 
immediate response to pinching of a toe pad. 

ganglion was not wholly removed. In the cases of paravertebral injec- 
tions of alcohol, in which these same fibers have been adequately 
blocked, there has also been complete relief of cardiac pain. 

6. Lainiueciomy and Section of Spinal Roots . — In a series of five 
dogs the upper dorsal lamina were removed and a varying number of 
spinal roots were cut. Two or three days later the dogs, which appeared 
to have fully recovered from the effects of operation, were tested by 
temporary oltstruction of the descending branch of the left coronary 
artery. Figure 8 shows that neither cutting the third to the seventh or 

18. \\'hite, J. C. : Angina Pectoris: Treatment by Paravertebral Alcohol Injec- 
tion or Operation Based on the Newer Concepts of Cardiac Innervation, Am. J- 
Surg. 9:98, 1930. 
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tile first to tlie foiirtli iiostcrior roots on tlie left side nor cutting the 
upper four dorsiil roots hilaterally jircvented the sensation of pain. 
However, dog 18 (fig. 9) showed no signs of pain after the upper five 
anterior and posterior roots were cut hilaterall}’. In dog 19, in which 
the upper five ]iosterior roots were cut hilaterally (with the exception 
of one small fiher of the third root on the right side), no symptoms of 
cardiac pain could he elicited. 

These observations point out another possible method of relieving 
the pain of angina pectoris in man. There should be no need for 
cutting roots above the first thoracic, because, as pointed out, this is 
the highest segment that receives a white ramus communicans, and there 
are no higher connections between the cervical S3'mpathetic trunk and 
the spinal cord. However, it is possible that in certain types of angina 



Fig. 8. — Results of cutting posterior spinal roots. Dog 15: Posterior roots, 
from third through seventh dorsal, cut on left. A marked response occurred to 
coronary occlusion. Dog 16 ; Posterior roots, from first through fourth dorsal, 
cut on left. A slight response occurred to coronary occlusion. (A indicates occlu- 
sion; B, pinching of a toe pad.) Dog 17; Posterior roots, from first through 
fourth dorsal, cut bilaterally. There was a definite response to coronary occlusion. 

that are felt low down in the thorax or upper part of the abdomen, 
additional roots would have to be cut below the fifth thoracic segment. 

7. Intercostal Neurectomy . — Weiss and Davis have reported that 
in angina pectoris, as well as in other t 3 -pes of visceral pain, blocking 
of skin sensation entering the cord from any given area of referred 
pain may cause the pain to stop. One of the first methods of attacking 
angina pectoris surgically was bv the section of intercostal nerves 
( Daniel opolu ®) . This method was unsuccessful. In dog 20 (fig'. 10) 
the upper five intercostal nerves on both sides were cut ju.st distal to 
the point of origin of the sympathetic rami. This procedure was with- 

19. Weiss, S., .and D,avis, D. : The Significance of the .^fTcrent Impulses irf.in 
the Skin in the Mechanism of Visceral Pain. .-Xm. .1. M. Sc. 170:517, 192.''. 






lormal skin sensation remained intact is shown by the response to light pinchin; 
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out clTcct in preventing cardiac pain. Although this does not rule out 
the possibility that the dog might have felt visceral pain from alterent 
stimuli coming over the lower intercostal nerves, and that it might have 
been blocked if all these had been cut, this method could not be utilized 
for interrupting angina pectoris in man because it would be undesirable 
to cut such a large number of intercostal nerves. 

S. Bilateral Section of Vagus A^erves . — It is a well known fact that 
the vagus nerve carries certain afferent impulses from the viscera to 
the central nervous system. In certain cases in which it has a well 

Table 2. — Efficiency of Various Neurosurgical Procedures in Interruption of 
Cardiac Pain Pathzvays in the Dog 


Renction to 
Occlusion of 

Dog Operation Coronary Artery 

Controls 1 +++ 

2 + + + 

3 + + + 

i + + + 

Unilateral 5 Stellate (L) +++ 

sympathectomy 6 Stellate through D4 (L) + 

7 Stellate through D5 (L) + + + 


Bilateral S Bilateral stellate + + 

sympathectomy 9 Bilateral stellate ++ 

10 Bilateral stellate ++ 

11 Bilateral stellate + 

12 Bilateral stellate + + 

13 Bilateral stellate + + 

14 Bilateral stellate, through T>4 0 

10 Posterior root section, DS-DT (L) +++ 

10 Posterior root section, D1-D4 (L) + 

17 Posterior root section, D1-D4 (E and L) + + + 

18 Anterior and posterior toot section, Dl-DO (K. and L.) 0 

19 Posterior root section, P1-D3, 0 

20 Intercostal nerves, Dl-DO (E and L) 

21 Division of vagi (E and L) 


defined depressor branch to the heart, Hofer ‘ has reported good 
results from sectioning this depressor nerve. Other surgeons, however, 
have injected procaine Itydrochloride directly into the vagi during attacks 
of angina pectoris, without relief. That bilateral section of the vagi has 
no effect on cardiac pain is clearly shown in figure 10 (dog 21). 

In table 2 the effects on transmission of cardiac pain brought aliout by 
these various neurosurgical procedures are summarized. It is apparent 
that section of both vagi or of the upper intercostal nerves and resection 
of both stellate ganglions are inadequate procedures to control angina 
pectoris. Only removal of the stellates and upper four thoracic 
ganglions or section of the upper five spinal roots is capable of blocking 
•cardiac pain completely. 
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EXPERIMENTAL METHODS FOR DETERMINING CARDIAC 
MOTOR PATHWAYS 

Before the presence of direct connections between the upjier thoracic 
ganglions below the stellate with the posterior cardiac plexus had been 
demonstrated anatomically by Jonnesco and Enarchesco/'^ Braeucker 
and Kuntz and Morehouse,^" Cannon, Lewis and Britton had shown 
the presence of motor fibers running between these structures by physio- 
logic methods. In their attempt to produce a completely denervated 
heart they continued to find marked degrees of cardiac acceleration after 
removal of both stellate ganglions, section of both vagi, denervation of 
the liver and removal of the adrenal medullas. It was only after the 



Fig. 10. — Respiratory tracings following operations. Dog 20: Bilateral section 
of upper five intercostal nerves just distal to the point of origin of the sympathetic 
rami. A, a marked response occurred to coronary occlusion. B, pinching of the 
skin over the upper thoracic wall proved anesthesia to have been complete. Dog 
21 : Bilateral section of vagi. Characteristic response on occlusion of coronary 
artery for twentj’-five seconds. 

Upper thoracic ganglions had been removed on both sides that the heart 
failed to accelerate with emotional stimuli. 

^^'e have been able to show the presence of such connections by 
direct faradic stimulation of the ganglions. In a series of eight dogs 

20. Cannon, W. B. : Lewis. J. T., and Britton. B. \V. : A Lasting Preparation 
of the Denervated Heart for Detecting Internal Secretion with Evidence for 
Accessorv .-Vccelerator Fibres from the Thoracic Sympathetic Chain, Am. J- 
Physiol. 77:320, 1927. 
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ihr upprr symjiatlu’tic p;iiit;Iiinis won- I'xjioscd tlironi^h the axillar}' 
iiici.'-inii aln'ady (k'seribed. ] Viitdharhital .stidiiiin aiifslhesia was used 
in each case. liUvalvaclical insuftlatinn of air prevented collapse of the 
Inni; in those- cases in which the ])leura was inadvertently o])ened. In 
tin; anesthetized animal tin; f,'ani;lions were stimulated intact and also 
after cnttinir the .sympathetic trnnlc below the stellate ganglion. Stimn- 
latifin was made both of the stellate ganglion above and the second and 
lower thoracic ganglions below. 'J'he stimulation was made with a 
tetanizing current jirodnced by an induction coil, in which the secondary 
coil was set at distances varying between 7 and 10 cm. from the primary' 
coil. With this arrangement there was no spread of current to the 

T.Mii.i; 3 . — Xcsulls of Dirrrt I'araiUc Stiiiiiilalwii of the Ganglions * 


Stollate Second nnd Tlilrd Thoracic 

■ — — _ ^ ^ 


Iioi; 


Ulqlit 

I.oU 

nigiit 

Left 

O') 

Ilonrt rnto 

Nut (lone 


11% 





nioml proE'iirc 

Not • 

l(Mir 

79-145 

so% 


Not done 


Ilcnrt rntc 

120-222 

7S':7. 

1C2-22S 

40% 





Ulood iirc.ssiirc 

80-111 

33% 

127-144 

14% 


Not done 

24 

llrnrt riitp 

1 02-2 10 

50% 

138*210 

05% 





lilood prcp.cxirc 

9S-144 

ITOo 

105*151 

14-% 


Xot done 



(n) Cord Cut nt 

C3 

(1)) A'nd Pnrnli-zcd 

(e) Adrenals Cut Out 

2.') 

Ilcnrt rntc 

147 

-2.'.5 7.'.% 


150*270 

77% 


150*300 D2% 


lilood pressure 

123-IU3 a-% 


114*131 

13% 


93-107 15% 

20 

Ilcnrt rnto 

lO.VlOS 

55% 

120*150 

30%, 

111*114 

3% 

150-195 7%, 


Ulood pres.surc 

10MS7 

10% 

107*177 

GTc 

100-150 

-0% 

170-104 —5% 

27 

Honrt rnto 

14-1-105 

17% 

130-150 

20% 

130-150 

10%, 

105-105 55% 


Ulood pressure 

154*200 

32% 

148*184 

20% 

103-205 

24% 

13G-180 327a 

2S 

Henrt rate 

57- DO 

10% 

120-132 

u% 

84*108 

25%, 

99- 99 0% 


Blood pressure 

120*135 

7% 

103*105 

1% 

341*128 

-8% 

155-100 1% 

29 

Heart rntc 

105-105 

0% 

174-180 

4% 

308*204 

58% 

108-234 39% 


Blood pressure 

173-175 

1% 

100*104 • 

-1% 

103-175 

7% 

174-194 11% 


* These figures represent the maximum responses obtained from fnradic stimulation of the 
stellate ganglions and sympathetic trunk below. The trunk was cut between the first and 
second thoracic ganglions. 

adjacent muscles. Stimulation was performed both with the vagi intact 
and also after both vagi had been sectioned in the neck or paralyzed 
with atropine. The blood pressure and heart rate curves were graphi- 
cally recorded and the percentage increase in heart rate after stimulation 
computed as an index of cardiac acceleration. These findings are sum- 
marized in table 3. 

Examination of these protocols shows that in animals stimulation of 
the stellate ganglion produced marked cardiac acceleration and often 
a considerable increase in blood pressure. It might be claimed that 
this pressor effect could have been brought about by afferent somatic 
stimuli ascending to the cerebral centers and causing a reflex vasocon- 
strictor response or by stimulation of the adrenals with an outpouring 
of epinephrine. To rule out these possible complicating factors, the 




Fig. 11. — Cardiopressor response resulting from faradic stimulation of right 
stellate ganglion in dog 25. A, on stimulation after division of the spinal cord at 
third cervical segment, increase in heart rate, 75 per cent; in blood pressure, 
57 per cent. B, on stimulation after paralysis of both vagi, increase in heart rate, 
77 per cent; in blood pressure, 15 per cent. C, on stimulation after resection of 
adrenal glands, increase in heart rate, 92 per cent; in blood pressure, 15 per cent. 
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Fig. 12.— Cardiopressor response following faradic stimulation of the right stellate ganglion after 
the sympathetic trunk at its lower pole and paralysis of the vagi with atropine (in this and the following 
the time signal at the bottom of the graph marks the base line for the blood pressure; the middle line 
duration of the stimulus; in dog 23, increase in heart rate, 78 per cent; in blood pressure, 33 
dog 24, increase in heart rate. 80 per cent; in blood pressure. 47 per cent. In dog 26, increase in n * 
88 per cent ; in blood pressure. 16 per cent. 
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siiinal cord was cut at the level of the third cervical .scf,MneiU in dog 25. 
and later both vagi were cnl and both adrenal glands removed. It was 
)>ossihle to bee]) this dog in fairly good condition by maintaining pul- 
monary ventilation through an inspiratory and c.\i)iratory ])ump. With 
the dog's head lowered, the systolic blood pressure did not fall below 
100 mm. of mercury. With all possibilities of sensory reflexes 
eliminated, tbe vagi jiaralyzed and the adrenals removed, this dog still 
showed a tremendous (92 per cent) acceleration of the heart when the 
sym]xithetic ganglions were .stimulated f fig. 11). In most of these 



Fig. 13. — Cardiopressor response resulting from faradic stimulation of the 
second and third thoracic ganglions after removal of both stellate ganglions and 
paralysis of the vagus nerves with atropine. In dog 27, increase in heart rate, 
5S per cent (left) ; in blood pressure, 32 per cent (left). In dog 28, increase in 
heart rate, 28 per cent (right) ; in blood pressure, — 8 per cent (right). In dog 
29, increase in heart rate, 58 per cent (right) and 39 per cent (left) ; in blood 
pressure, 7 per cent (right) and 11 per cent (left). 

animals cardiac acceleration was greatest when the nerves on the right 
side were stimulated. No further increase resulted from bilateral 
excitation. The maximal acceleration of the heart rate on stellate 
stimulation was 92 per cent in dog 25 and from 88 to 78 per cent in 
dogs 23. 24 and 26 (fig. 12). 
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The maximal increase in canliac rate when the louar tlioracic 
ganglions were stimulated was 58 jier cent. There wa^- an acceleration 
of over 25 per cent on stimnlating the lower ganglions in three of 
four clogs (fig. 13). It is furthermore interesting to note that in the 
cases of the greatest acceleration after stimulation of the lower ganglions 
there was a decided reduction of this resjumse on stimulation of the 
stellate ganglions (dogs 27, 28 and 29 ). This phenomenon may well 
mean that while in a majority of cases the great prei)onderance of 
cardiac fibers run up through the stellate and the higher cervical 
sympathetic ganglions to reach the heart via the snperitir, middle and 
inferior cardiac nerves, in a smaller ])ro])ortion of cases the lower trans- 
thoracic connections are of increa.sed importance. In the first group 
cervical sympathectomy might well relieve the .sym])toms of angina 
pectoris, whereas in the second group relief woulrl he slight or negli- 
gible. In summing up the results of these experiments on the cardiac 
accelerator pathways, it is again obvious that only an incomplete inter- 
ruption of the pressor reflex can be achieved by limiting the oi)eration 
to the removal of the cervical sympathetic down through the stellate 
ganglions. To interrupt effectively either the sensory or the motor 
pathways the operation must include the entire ccrvicodorsal ganglion 
and be continued down .to the third or fourth thoracic segments. 


COMM EXT 

While these experiments have definitely shown that in dogs there 
are important sensory and motor pathways connecting the heart with 
the spinal cord below the stellate ganglions, it is not necessarily safe to 
assume that these findings can be applied to man. In the clinical cases 
cited here, however, we have had a number of striking experiences which 
lead us to believe that the inneiwation of the heart in men and dogs is 
the same in all essential respects. 

In approaching the problem of angina pectoris in man surgicall 3 V 
there are theoretically three possible methods of attack : 

1. Vasomotor: Prevention of vasoconstrictor spasm of the coronarj^ arteries. 

2. Motor : Interruption of cardio-augmentor reflex. 

3. Sensory : Interruption of pain pathways. 

The ph}siologic studies of Anrep and Segall,-’^ recentlj^ corroborated 
b} Danielopolu,-- rule out the first method. These writers have shown 
b} a series of carefully worked out ph 3 'siologic experiments that the 
vasoconstrictor fibers to the coronar 3 >- arteries run in the vagus nerves, 

-1. Anrep, G. V., and Segall, H. N. : The Regulation of the Coronary Circu- 
lation, Heart 13:239, 1926. 

22. Danielopolu, D. ; Marcou. I., and Proca. G. G. : Siir I’innervation des- 
coronaires, Compt. rend. Soc. de biol. 107:419, 1931. 




Fig. 14. — Diagrammatic presentation of the periplicral innervation of the heart. 
The sympathetic fibers are drawn in red. It is important to note that tlic only 
connections with the spinal cord are over the white sj'mpathetic rami from the 
upper five thoracic ganglions (illustration modified from diagram in White, Paul 
D.; Heart Disease, New York, The Macmillan Company, 1931). 
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whereas the sympathetic system carries vasodilator fil)ers. As it is 
impossible to cut both vajji. iutcrriiptioii of the vasoconstrictor fibers is 
out of the question. A common cx'planation of the benefits produced 
by Colley and Brown's operation of siqjerior cervical ganglionectomy 
has been based erroneously on the theory that it i)revents vasoconstrictor 
spasm of the coronary arteries. Just what the mechanism of this 
operation is remains somewhat uncertain, as Holmes and Ranson 
have produced histologic c\-iflence tliat the su[)crior cervical ganglions 
transmit no afferent libers. On the other hand. Heinbecker has shown 
characteristic afi'erent electrical discharges rtn testing this ganglion with 
a cathode ray oscillograph. In our clinic sii])erior cervical ganglionec- 
tomy has given inferior results, as only three of eight cases have shown 
improvement and the mortality has amounted to 12.5 per cent. As 
few favorable rejiorts have been ])ublished in the recent literature, it 
would appear that this operation is being less frequently used. 

Concerning the interruption of motor impulses to the heart which 
drive it to exceed its limited capacity for work, our experiments show 
that to accomplish this completely it woukl be necessary to remove all 
the sympathetic ganglions on both sides from the inferior cervical down 
through the fourth or fifth thoracic. .\ bilateral excision would be 
necessary, because we ha\c shown that stimulation of the ganglions on 
either side gives nearly equal cardiopressor response. If this were 
carried out, the heart would undoubtedly be greatly crippled. Daniel- 
opolu, in his writings, has even advised against removal of the stellate 
ganglions, recommending only the cutting of their postganglionic rami 
to the brachial plexus and vertebral artery. This point of view is prob- 
ably over-conservative, as we have excised the cervicothoracic and 
second dorsal ganglions many times in Raynaud’s disease with no evi- 
dence of impaired cardiac efficiency. This is probably due to the fact 
that sufficient cardiac accelerator fibers run directly from the third, 
fourth and fifth thoracic ganglions to the heart to enable it to respond 
to its physiologic demands. Our clinical observations have even shown 
that in the presence of advanced degenerative cardiac disease and angina 
pectoris all the cardiac nerve connections can be safely blocked on one 
side, allowing the nerves on the opposite side to regulate the activit}- of 
the heart. 

We have alwaj-s maintained that the logical point for surgical attack 
is the sensory pathway. If our arguments in favor of this method are 
substantiated, the next point to be considered is the most feasible method 
of interrupting the nerves which transmit cardiac pain. Figure 14 

23. Holmes, W. H., and Ranson, S. W. : Surgical Sympathectomy in Angina 
Pectoris, J. Lab. & Clin. Med. 10:183, 1924. 

24. Heinbecker, P. : Recent .Advances in Our Knowledge of the Sympathetic 
Nervous System, J. Thoracic Surg. 1:233, 1932. 
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shows in diagrainniatic form the anatomic arrangement of tliese filn-rs. 
In some cases the majority of ])ainful stimuli prohaljly traverse tlie 
middle and inferior cardiac nerves and can lie reached through tlie old 
type of cervical incision. In other cases, however, severe i)ain can still 
enter the central nervous .system 1)\' the lower pathways, which are out 
of reach of the operator who makes his incision in the neck. The sur- 
geon who uses the cervical ai)proach is under an additional handicap 
because of the comple.xity of the .sym])athetic nerve structures in this 
region and their frequent anatomic variations. E.xamination of the 
diagram shows that all of the cardiac fibers converge in the iqiper 
thoracic ganglions and then enter the sjiinal cord over the white com- 
municant rami and the posterior roots, 'fhey can be completely inter- 
rupted by blocking either the ganglions, the rami nr the spinal roots. 
All of these pathways are definite .structures and show few variations 
in their arrangement. 

In the Massachusetts General Hospital during the past five years 
twenty-seven patients with angina pectoris have been treated along the 
lines just described. The patients have been selected purely on the basis 
of the intensity of their pain, and only those have been accepted who 
have not responded to medical treatment and who have continued to 
suffer so severely that they felt that the pain was unendurable. Neither 
the history of recent coronary occlusion nor active decompensation has 
been considered as a contraindication to the injection of alcohol. While 
surgical excision of the upper thoracic ganglions has given nearly perfect 
relief of pain on the side of operation,-® this is probably too dangerous 
an operation to be used in patients with advanced coronary disease. 
Although there have been no early postoperative fatalities, two out of 
four patients have died within a month of operation, one of emp 3 'ema 
following pneumonia and the other of coronary occlusion. The para- 
vertebral injection of alcohol, on the other hand, is a reasonably safe 
surgical procedure. The results in these cases are summarized in table 
4. Examination of this table shows that the method is capable of giving 
nearl}”^ complete relief in half the cases and of converting the severe 
forms of angina pectoris into milder types which can easily be con- 
trolled by medical measures in another 30 per cent. In the remaining 
20 per cent of cases pain has not been satisfactoril}- relieved. In each 
of the latter complete anesthesia of the intercostal nerves has not been 
produced and it has been evident that failure has been due to the techni- 
cal difficulty of performing a perfect injection. Our statistics here are 
in accord with those of other clinics and show that injection of alcohol 

25. Our clinical experience has shown without exception that alcohol block or 
resection of the ganglions on a given side is capable of relieving cardiac pain on 
that side only. There is no justification for the belief that sympathectomy should 
be performed on the right side when it has failed to relieve the attacks on the left. 
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is undoubtedly the safest surgical method of treating angina pectoris and 
one which rests on a sound physiologic basis. Owing to the inherent 
difficulties in the technic, about one case in five is doomed to failure. It 
is also only fair to point out that following injection there is usually 
a transitor\- period of alcoholic neuritis of the infiltrated intercostal 
nerves. This may last from a few weeks to several months, and is 
particularly annoying in the cases in which a satisfactory result is not 
obtained. 

In those cases of paravertebral injection of alcohol which fail, it 
would be difficult to carr}' out a dorsal ganglionectonty because the 
lil)rosis produced by alcohol makes freeing of the pleura and exposure 
of the ganglions extremely difficult. Our experiments on animals show, 
however, that these cases can still be relieved by cutting the posterior 
spinal roots. This operation was recently performed by Loyal Davis 
and was a complete success. 

Table 4. — Results of Txucnty-Thrcc Paravertebral Injections of Alcohol Performed 
in Massachusetts General Hospital* * 


Per Cent 


Good (100 to 90Ci icllcvej) 17.S 

Fair (00 to iOTi relieved) 30.4 

Improved (50 to relieved) 8.7 

Failures 13.1 

Deaths 0 

Complications: troublesome intercostal neuritis 13.0 


* These cases have been lollonod from live years to si.v months. 


\Ye hope that this study of the sensory and motor pathways of the 
heart will be taken as a mere beginning toward a physiologic under- 
standing of the surgical problem of angina pectoris. With the recent 
advances in the anatomy of the cardiac nerves and the development of 
a method of producing the condition experimentally in animals, a more 
rational surgical therapy should soon evolve. A start has now been 
made along these lines, but much further clinical experience will be 
required to substantiate these theories completely. 

suit MARY x\XD COXCLUSIOXS 

1. Through the use of Sutton and Lueth’s method of temporarily 
occluding a branch of the left coronary artery in dogs, we have found 
that the resulting ischemia of the heart muscle can be counted on to 
produce characteristic changes in the behavior of the animal which 
closely resemble the manifestations of angina pectoris in man. We have 
employed this procedure in a series of twenty-one dogs to test the 
effectiveness of various neurosurgical operations for interrupting the 
pathways of cardiac pain. 


26. Davis, L. : Personal communication to the authors. 
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i he s;>eciiurn.v, 1 Ix licvr. ;ire t" he rrttardet! :i>, n varintifin in t!ic tKirmn! lorni 
t'f the tenmr; in oilier wonl'. as anomalii-s ; whether or not any ntoriiliohjcic ritr- 
nificaiH'e is to he atirihnied to them. I <lo not hitow. I he ni.irhcd svninietrv is an 
intere.slini; le.ttnrc. 

Ill coinjtariiii,' ilie cottclitioti of the femora of K 386 with tiormal or 
nveraoo cmuiitiotis. I sliall refer to my prcviotis ob5ervatioiis on the 



Fig. 1. — Bones of the right lower extremity of E 386. 

femur which were based on 100 pairs of bones, from white men, dis- 
secting room materia], and shall use the mean values of the combined 
right and left sides, 200 bones in all (Ingalls," 1924). 

2. Ingalls, N. W. : Studies on the Femur: I. General Characters of the 
Femur in the Male AVhite, Am. J. Phys. Anthrop. 7:207, 1924, 
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(ov llii’iv fmuv;iv<l and piojuiiiicnv, du' l'''!n " ‘n i- 
show nolhinij onl oi the ovdinavy nn r\t<'inn1 t-\:iininati''n,^ Mi') ate 
clean, hard, normally smonth and nntrh whiter than innsi nt "tit 
mens, hnl with no evidemv.'- of innatttniatoiy pjoec'-'-e', or nlln’i ]>atho- 
logic changes in the lisstie; only in the tj]»j>er part of the tihiae is tlieie. 
a slight ronghening on the lateral sttrfaee. Imieed, one of the most 
striking featnres in regard to these hones is that the convention. d 
anthropologic measurements, if tmaceompanied hy illustrations, would 



pan 'of tt femora to illustrate the varying configuration of the lower 

is CO represents average conditions as far as the distal diaphysis 

On theT^^ shows a narrow lower end, which part, in 600, is very broad. 

mpnOn ^1 • ^ reproduction of the Nubian femur, reported by Wood Jones, 

m the text ; its length here is the same as that of E 3S6. 


in^'iif ti*^'^ i'rdication whatever of the remarkable conditions obtain- 

of^the Except for the conspicuous enlargement in the lower part 

the upper part of the tibia, there is nothing in these 
leones to attract attention. 

nral no quite long; the oblique length, measured in the nat- 

left oUo 1°-^° 01^ the 

inin., or 2 inches (5 cm.) above the average, but definitely 
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Ir-Iou- iIk- iii;isimuin nf otir of IfX). Tin- ri”!)! tiln’a lias a inaxi- 

nuim <it -MS mm.; the left a iriflc sli(irt<r, -)-J7 mm.; not only 

art- thf tiltiao very loni,'. hut they are proljahly di.'iproportionately long 
lor tile femur. I’oth the femur ;ui/j the tihia, ue helie\e, are defmitel}’ 
longer than they would have heeii if their normal growth Iiad not heen 
disturhed, Imt the <ivergrowth .M-ems to liave al'feeted the til)ia rather 
more than tlie femur. In both case.*;, mi>reover, the e.xtra length .seems 
to liave lieen added in that part of tlie hones adjacent to tlie knee joint, 
rather tlian being more eveidy distrifmted tliroughout. Since the Iiones 
of both the right and the left side present practically identical features 
J shall not make any special reference to either sifle. 

As may he .seen in the accompanying figures (figs. 1, 2 and 3), the 
lower femoral shaft, in .somewhat more than half its extent, shows a 
marked increase in width ; its internal lu)rder, just below the center of 
the hone, is also much more sharply convex than usual, and at the same 
time the antcro])(3sterior dimen.sions are definitely increased. The 
unusual, and really abnormal, proportions of this part of the diapiu'sis 
are most clearly brought out if the transverse diameters arc compared 
with certain other dimensions which arc still perfectly normal. For this 
purpose the epicondylar, or bicondylar, width is especially useful, since 
it is measured transversely across the bone, just below the region in 
question, and also because it is the most constant, least variable measure- 
ment which can be taken on the femur. Omitting actual figures, it may 
be said that the transverse diameters of the lower diaphysis in this case 
are approximately 50 per cent above those seen in the average, normal 
specimen. For e.xample, in the average bone the transverse diameter 
of the shaft, from 4 to 5 cm. above the margin of the articular surface 
in the midline, is about 41 mm.; in E 386, this measurement is 62 mm. 
The anteroposterior thickening is much less pronounced. If the pos- 
terior aspect of the bone is examined, it will be seen that the apex of the 
popliteal surface, indicated by the divergence of the lips of the linea 
aspera, is much higher in this bone than is usuallj^ the case. In the 
average femur the popliteal apex is a little over 120 mm. above the 
posterior border of the intercondylar notch. In our specimens it is m 
the neighborhood of 200 mm., for this is at best a rather uncertain mea- 
surement. It is this enormous increase in the popliteal length which, m 
conjunction with other characters, led us to suspect that the lower end 
of this bone is not onl)’^ too wide but also much too long, as if the distal 
third had been stretched out to make the distal half. The abnormalities 
displayed by E 386 are sharpl)’’ restricted to the lower diaphysis ; the 
remainder of the bone, including the immediate!}' adjacent knee joint, 
shows nothing which can be interpreted as abnormal or aberrant. 

i\Iuch less will be said in regard to the tibia, since our acquaintance 
with this bone is rather less intimate and e.xtensive than in the case o 
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-FEMCiR IN BONE GROW IH 


the femitr Its pfoxinml portion, almost it not quite hall, is 

Lnter. Except ior being somewhat massive, m this respect matching 
the tibiae very well, the fibulae show no unusual characteristics. 

In our series of 100 pairs of femora referred to, a fexv cases were 
encountered which showed a conspicuous widening of_ the lowei sha t, 
eg., specimen 600 (fig. 2), but nothing approaching either the absolute 



l')R. 3.— Schematic outlines of the lower half of the femur for E 3S6 and for the 
mean values of our series of 100. On the left the dimensions arc in terms of the 
same eiiicondylar breadth, .V. 2d; on the right, in terms of the same diaphyseal 
lenuth, .Vp. 6. It will be seen that the deviation in E 3S6 arc confined to the lower 
part I if the shaft. 


<'r the rcl.'itive propnnions exliibitcd by E 3S6. We do not believe that 
specimen (<X1 is tiniie tionnal and would place U with E .3S6. not neccs- 
^artly bec.ntt'.i' of any common pathologic condition, but because the 
<b^1mb;mc(', whatever it may be, has picked out the same part of the 
h'-tie. Hh- only c.'ise in the literature, so far as we know, which iniftht 

s 


h- e.impa;,-,! wjp, oiirs wav {•nntfl by Wf>od Jonc.s in ancient Xnhian 
>. "In h..dy 45; 240. an adult man of the archaic period 
.'e eimittry .at Delnn’t. the left fetnur and tibia had tmder- 


\ ! 
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ui'jHT hull ()| the tihiji Iirn'e heenmf jcji'cally vnlur^vfl aiul thickened.” ' 
111 tills c.iSL* the surtaee of tlu' horics was roia^'litau'd and irrctjiilar, hut 
the Iviiee joint was nut iiu'ulved. .Apparently the condition was unilat- 
eral in this case, somethint: one would hardly e.\-pect. hut of this we 
cannot he certain. 'J'he rarity of ihh condition is itulicated /)y the fact 



Fig. 4. — Frontal section of the left femur of E 386 and a control section of the 
femur of approximately the same length, to show the excessive amount of can- 
cellous bone and the short medullary cavity. 


that it tvas unique among 6,000 bodies; for this reason also the sug- 
gested diagnosis of syphilis was considered to be rather hazardous. 

3. Smith, G. E., and Jones, F. W.: The Archaeological Survey of Nubia: 
Report for 1907-190S; Report on the Human Remains, Cairo, 1910, vol. 2, p. 289, 
plate XLVIII, fig. 4. 
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Longitudinal sections through the let I hones of h 3^6 show lluil thc 
distuvhancc in this case has aft'ccled the entn'c tluckness ot_ the shatt, 
from the center to the periphery (hg. d). The concl.t.ons tonnd were 
quite unsuspected and ^^■erc not knowvr at the time of Dr, llanianns 
original description. The most striking feature presented by these sec- 
tions is the errormovrs amount of cancellous hone and the extremely 
small, short, medullary cavity. Ordinarily, the medullary cavity of the 
femur extends throughout most of the shaft, although its extent seems 
to be subject to considerable variation. Variable also arc the amount, 
character and arrangement of the sporrgy bone which hounds the cavity 
and which may encroach on it to a considerable extent. From the s])eci- 
mens we have examined, it would appear that the upper limits of the 


marrow cavity are rather more definite and constant near or just below 
the lesser trochanter than they are at the lower end. In some cases the 
cavity extends below, almost to the old epiphyseal line, while in others 
it terminates at a much higher level. In E 386 the medullary' cavity' is 
only about 8 cm. long, irot over a third of what might be found in much 
shorter bones ; it is also situated high up, above the center of the shaft, 
and its limiting walls show unusual amounts of spongy' bone. The dense 
bone of the shaft, at the level of the marrow cavity, is thicker than in 
most bones, while the cortical layer in the distal portion is thinner. This 
thinning of the cortex below is doubtless due to the great mass of inter- 
nal cancellous tissue which mal-ces a normally thick, supporting cortex 
unnecessary. Extending axially through the cancellous tissue which 
fills the lower half of the bone there is a broad zone, obviously' a continu- 
ation of the marrow cavity, m which the spongy bone is somewhat less 
dense than elsewhere and is distinctly' more irregular in structure. 

Similar conditions obtain in the tibiae. The marrow cavity is little, 
if any, longer than in the femur; here, as contrasted with the femur, 
the cavity is below the middle of the bone, the proximal half being filled 
with cancellous tissue a little less dense than that in the bone above. 


The only significant features in regard to this cancellous tissue are 
the increase in amount and density and the restriction of these changes 
to the portions of the bone immediately adjacent to the knee joint. 
\\ bile it can hardly be said that the osseous tissue involved is pathologic 
or abnormal in any' way', there are certain secondary changes in the 
spongy' hone which seem to be the direct result of the greater amount 
of hone present. These ciianges manifest themselves as a greater irreg- 
ularity in the cancellous architecture, and one misses, to some extent, 
the characteristic disposition and arrangement of the finer osseous lam- 
ellae. particularly in the upper end of the tibia. The reasons for this 
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\voiil<! sn-m to he ((iiitt: simplf, lor in tlii^ ca.^r. with a iiiarhcfl fxcc.'s 
ol siipportiiitt osMMUis tissue, there is not the call for its economical (iis- 
trihiition in ri-lation to tlie iiredominatin,” ]>hy,sical j'lrain.s ami .stresses. 

r.i loi.oc.ir K.\( ToHs 

W hile it is jiossihle that the hone.s that have been considered may 
depart in some way from the normal in their liner histolo.i^ic stnictiire 
or chemical compo.sition, the most obvious disturbance is in the amount 
and disposition of bony tissue. In h(»th femora and tibiae there has 
been an alteration in form and leniith. there ha.s been an c.kccss pro- 
duction of building material, and all of these chan<^es have come about 
at one end. instead of heint,' more evenly distributed. 'J'hc fact that the 
conditions are bilateral and perfectly .symmetrical is of particular signifi- 
cance. W'hat the etiologic innuences may have been, we cannot say; 
most likely we are dealing with a deep-sealed, chronic derangement, 
possibly metabolic or in part endocrine, which has disru'ijted entirely the 
normal growth and difFcrcntiation in the distal femur and pro.ximal tibia. 

Although we have no suggestions to offer as to the etiology of the 
conditions described, we believe that it is possiI)le to present evidence 
as to why these particular jiarts of the bones have been picked out. 
Wdiat the remainder of this skeleton might have been like, we do not 
know. 

In one of our recent articles on the femur.'* we called attention to 
the fact that the lower portion of the femoral shaft, particularly in its 
transverse diameter, is the most A'ariable part of the bone. The varia- 
bility here is about twice as great as it is a few centimeters below, across 
the condylar region, and is distinctly higher than it is in the middle of 
the shaft. This unusual A^ariability may be e.xplained as one of the 
results of the comparatively recent remodeling and readjusting that haA'C 
taken place in the neighborhood of the knee joint in association Avith 
the assumption of the erect posture. The extensive and characteristic 
alterations that haA^e been instituted in the phylogenetic dcA^elopment of 
the human knee, changes AAdiich haA'e inA'ohred the soft parts, muscles, 
ligaments, etc., no less than the skeletal elements, haA'^e left this AAdiole 
region, both structurally and functionally, in a distinctly unstable and 
A'ulnerable condition, and this susceptibility and vulnerability are espe- 
cially in CAudence in the loAA'-er femoral shaft. -There is also eAudence 
that the proximal portion of the tibia shares someAAdiat in the same 
general condition and for the same reasons. 

An important aspect of this relative vulnerability, Avhich in turn is 
an expression of the neAvness and as A'et unstabilized conditions around 

4. Ingalls, N. W., and Grossberg, M. H. : Studies on the Femur : VI. The 
Distal Part of the Diaphysis, Am. T. Pliys. Anthrop. 16:475, 1932. 
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the knee, is the compavative frecptency with wliieh lliis pan of the leiniir 
deviates more or less from normal and averam' eondilioiis. (._)ft(:n 
enough these deviations take on 'a frankly pathologic character, .and 
pathologic changes in ihe femur arc' usually found in the lower i)art of 
the shaft, in the tibia near its upper end. Specimen E we believe, 
represents one of those cases, and they are hy no means rare, in which 
definitely patliologic processes manifest themselves, frecinenily or hy 
preference, in those organs or structures the phylogenetic ])ast of which 
has left them rekhively variable, unstable and vulnerable. A conijiarahle 
state of affairs exists in the lumbar spine, also a region recently modified 
to suit the upright position, and here, again, defects and divers infirmi- 
ties are especially frequent (Willis,-’). 

Additional data on E 386. more from the anthropologic point of 
view, and further comments on the general subject of fonoral variabilitv 
will file found in the article previously mentioned.' 

S. Willis, T. A.; Backache from Vertebral Anonialv, Sure;., Gvncc. & Obst. 
43:658 (May) 1924. 
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.1. DIAVKV I’.ISCAKR, M.I). 

l^'roiii the he”iniHii” df r<-c( instructive :m(l plastic iinne siir^erv riiis 
have I)een transplanted nut intrei|nently to promote union between hone 
fragments, to hriiiL: alxmt fusion of a<ljacent iioncs and to hricl.t^e detects 
resnltin” from the loss of substance. ( )f their use in this latter role. 
Fluesser.' in 1V20, contrihnted his e.viierieiice with twenty-two cases 
involviiyo hones of the e.xtreniities. He concluded that ril) oraftini^ was 
a feasible procedure, that ribs are more likely to snrvi^■e in the jwesence 
of infection than the more dense massive .ttrafts. that they are rai)idly 
absorbed, and that they are jiarticnlarly useful when no threat dcinancis 
are made on tlie strength of the graft (until replaced by new bone). He 
also ol)scrved that when used to repair large defects or when put under 
strain tliey were more prone to rcfractnre than (full thickness) tibial 
grafts. 

The first reference to the use of rib grafts for fusion of the spine 
was reported by Gutierrez* in 1924. In his si.x cases of vertebral 
tuberculosis, solid bony fusion was obtained, witli sul)sequent arrest ot 
the disease. Similar e.xpcriences were reported by Grantham ® in 1927 
and b}' Casacescu in 1929. In the same year hitman ® and Klein- 
berg “ reported the transplantation of ribs for osteosynthesis of the 
spine in cases of scoliosis. The ribs were removed primarily to reduce 
the posterior bulge of the thoracic cage resulting from the rotation of 
the spine. In most instances, as in the references noted, the grafts were 
preserved and transplanted at a second operation. From an experience 
with fifteen cases, A. Whitman reported that the rib grafts were “rap- 
idl}”^ replaced b}- an unusually heaA'y deposit of bone.” 

From the Department of Surgerj-, the University of Chicago. 

1. Eloesser, Leo : Rib Grafting Operations for the Repair of Bone Defects 
and Their End-Results, Arch. Surg. 1:428 (Nov.) 1920. 

2. Gutierrez, A. : Rib Implant in Tuberculous Spondylitis, Arch, franco-beiges 
de chir. 27:768, 1924. 

3. Grantham, S. A. : Method of Spinal Fixation in Tubercular Spondylitis m 
Children, J. Bone & Joint Surg. 9:748, 1927. 

4. Casacescu, H. : Spinal Bone Grafts with ^Multiple Fragments of R'b® 
Pott’s Disease, Rev. de chin, Bucuresti 21:143, 1929. 

5. Whitman, A.: Rib Grafting for Scoliosis, .A.m. J. Surg. 6:801, 1929. 

6. Kleinberg, S. : Spinal Fusion in Scoliosis, J. Bone & Joint Surg. 1 
1929. 
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The imp'^vuuu cousidermicns in tlK- H-U'cu..n ->( hone fov 

transplantation arc the relative inherent oslc-uenic i.ro))ert,es and ten- 
sile strength. The latter (actor is of no great conse.inence in the t>pe 
of operation to be descrilied snhseiinently. 


COM )’.\K.\T1 VK O-STl'-OGl'-N KSIS 

In comparing the respective osteogenic potentialities of ribs (can- 
cellous bone) with the dense cortical bone of tibial grafts reference will 
be made to experimental observations reported in the literatnic and to 
some which were personally conducted. All observers arc agreed that 
spongy bone undergoes absorption and is replaced by new hone soonei 
after transplantation and more rapidly than dense cortical bone. Ihcir 
opinions diverge onlv in respect to the explanation of the phenomena as 
based on the two principal theories of osteogenesis. 

In regal'd to the transplanted bone in animals. Gallic and Robertson,' 
advocates of the cellular theory, made the following observations; 

The changes observed (in cancellous grafts) resemble those already described 
(compact bone) e.xcept that they have occurred mucb earlier and much more 
e.xtensivel}'. The bone cells in the lacunae all die and disappear, as described before, 
but the circulation is fairly well reestablished in one week. Not only do the sur- 
face osteoblasts survive, but the osteoblasts in the open Haversian canals for a con- 
siderable distance inward from the surface continue to live and functionate so that 
at the end of three weeks absorption is taking place in all directions through the 
graft and new bone not only surrounds the graft on its external surfaces but 
extends throughout its whole length and thickness. The picture is in marked con- 
trast to that of the compact graft of similar age. Not only is this increased 
rapidity of absorption and replacement due to the increased number of active cells 
present, but it is also due to the greater ease with which the new blood vessels and 
osteoblasts can advance from the periphery' to the center. 

They believe that a greater number of cells survive because spongy 
bone is more cellular and more permeable to the nutrient lymph in which 
it is bathed. Tor this reason they stated that; 

Theoretically the best bone to use would be cancellous bone such as a rib. But 
unfortunately this activity is directed primarily in the direction of absorption so 

that nb must not be used if any great strain is to be placed on it (where the van 
to be filled IS large). 


Lenche and Policard,'^ exponents of the noncellular theory, stated 
that transplants of spongy bone take better than do those of compact 
tone. re passage ways for the rehabilitation are larger and more per- 


^:2U focO ’ E” The Repair of Bone, Brit. J. Surg. 

of rfoiw"'tK’T^"n'''* The Normal and Pathological Phvsiologv 

1 oui. C V ' yt '’f ’ ky Sherwood Moore and J. Albert Key St 

>-oms e. \ . yjoshy Company. 1928. pp. 124 and 166. 
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nicahlc. ...” 'I'licy al.so .siati-d lliat "all traii>[j|aiitcfl Ifruic irai;- 
iut‘ni> n-Mirl). and it is tn)it|ucly in ilyini; tli.at hinif uivc.s ri.se to new 
l)one.' .Altlioni^li le.ss calcinin is transplanted with caneellons i)one. it 
is more aetv.ssilde l(tr liheration |»y the o.steohlasts. and in ef)nse(inetice 
a "ealcilie stircharye” to tlie "ossiliahle inedinin” i> rendered earlier and 
more nijiiflly. io the.se \ iews, in i^etieral, Ihincroft." (ireii;.’'’ .Murray" 
and otliers snlj.scrihe. 

In an endeavor to compare the relative o.steo','enic properties of rit) 
with tihial transplants with specific reference to their n.se in sj)inal fusion 
operations, two types of investii^ation were carried out. clinical and 
CNjK'rimental. 

ii.i .\ic.\i. insToi.t>mc sTiDii.s 

Since ade(|nale fi.Natiun of a scoliotic spine frequently reiinires fusion 
of twelve or more vertehrae. the operation at the University of Chicago 
Clinics has usually heen performed in two stage.s with an interim of 
ai)pro.\imatcly two weeks, h'rom si.K of such cases sections of grafts 
placed at the lirst operation from ten to fourteen days previously were 
removed in the conr.se of the second stage for histologic study. In each 
instance the gmft had the appearance of dead hone, hut was firmly fi.ved 
in edematous fiitrous tissue to the bed of hone chi|xs in which it had been 
placed. 

These specimens, two of costal and four of tihial transplants, were 
decalcified and sectioned. In all instances the surfaces of the grafts 
were partially or entirely covered b}' loose cellular tissue with inimerous 
round, fusiform and poij'gonal cells Avith long protoplasmic processes 
and an occasional multinucleated cell occupying a small cavity on the 
surface of the bone. In the open haA-ersian canals on the free end of 
all grafts and about cancellous spaces of the ribs there AA'as evidence of 
osteoblastic proliferation and an ingroAA'th of newly formed connectiA’C 
tissue Avith a network of capillaries. Whth the e.xception of one tihial 
graft there AA^ere small areas of fine trabeculae of new bone on both 
surfaces and in one rib graft, in seA^eral cancellous spaces. Definitely 
more ncAv bone Avas present in the rib specimens. 

The bone itself had essentially the appeai'ance of necrosis. The 
lacunae Avere either empt)'^ or contained cells that Avere marked^ 
shrunken and stained poorly. Except for a narroAA^ peripheral border 
of liAung and proliferating cells, the blood A'essels and cellular tissue 
AA'^ere coagulated and undergoing autolysis. There Avas A^ery little, but 
definite, evidence of beginning bone absorption, 

9. Bancroft, F. W. : Bone Repair Following Injury and Infection, Arch. Surg- 
5:646 (Nov.) 1922. 

10. Greig, D. M.: Clinical Observations on the Surgical Pathology of Bone, 
Edinburgh, OhVer & Boyd, 1931. 

11. Murray, C. R. : The Repair of Fractures, Minnesota Med. 13:137, WSU. 




Fig, 1. — Tlic upper photomicrograph shows a specimen from a thirteen day human rib graft in 
wliicli superficiaf bone cells survived transplantation. B' represents the area in which these cells 
were found (see fig. 2). A shows the new bone overlying it; C, osteoid tissue; B, necrotic bone, 
and .V, the area in which there were no living bone cells and no overlying new bone. Reduced from 
.1 magnification of X 25. The lower photomicrograph shows a section of a fourteen day human 
tibial graft. Living cells were found in the dense bone immediately adjacent to the deposits of new 
I'one on the surface. In the intervening areas all lacunae were either empty or contained dead 
i.clU. Note the difference in structure of compact bone as compared to spongy bone (see upper photo- 
nnerograph ) . Reduced from a magnification of X 25. 








Fig. 2. — A higher magnification of the area marked B' in figure 1. The super- 
ficial living bone cells (£) stand out in sharp contrast to the dead cells in the 
deeper structure (5) ; the new bone (A) is deposited on the surface immediate!} 
over these cells. Reduced from a magnification of X -^50. 


diately underlying the trabeculi of new bone the lacunae contained living 
bone cells (figs. 2 and 3) which stood out in sharp contrast to the dead 
cells in the deeper structure and elsewhere along the surface (fig- 4), 
where there had been no new bone deposited. It is reasonable to assume 
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that this relationship of livini: transplanted hone cells to new hone for- 
mation is more than a coincidental occurrence. It speaks stroni^ly lor a 
function secretory or otherwise, inherent in osteoblasts and probably in 
other cells, which plays a constructive role in osteoijenesis as ojiposed 
to the theory of a limited function of osteoclasis miiintaincd by Leriche 
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vtuin-eu irom a magnification of X 2 , 600 . 


ant! Policard.'- 
received sufficient 


Despite encasement in bone, these cells 
nutrition to maintain cell life. 


presumably 


Rone: Its ProbkmslIrrmlaL'd'b^Shc^'^^ format and Pathological Physiology of 
C. N-. Mostly Company, ifi St. Louis, 


.lui films tif- .srA'(,7;AT 
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1 III' >!n\viu's< witli which ilciisc h<)iic tiiidcrtjnc.s nhsorptioii aiul 
replacement hy new lione is illustrated in fi^Mire 5. This section was 
removed from a full thickness f,'raft from the cortex of the tihia which 
had been transiilanted seven months previously to cfTect an Alhcc type 



Fig. 4. — A higher magnification of the area labeled X in figure 1. All lacunae 
are either empty or contain dead cells. There was no new bone on the adjacent 
surface. Compare with figure 2. Reduced from a magnification of X 450. 


of spinal fusion. Pseudo-arthrosis had developed in the graft neat tlie 
middle of its span and necessitated a second fusion operation, at which 
time the specimen was obtained. It displayed all stages of the process 
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At the site o( the pset.do-atll.vosis there teas m. l.n.>e ("Id "> ■' 



Fig. 5. — ^\Vell organized new bone laid down in necrotic bone following invasion 
of granulation tissue, revascularization and absorption in tbe process of creeping sub- 
stitution. Note unrcplaccd necrotic bone of a humait tibial graft seven months after 
transplantation to tbe spine. Reduced from a magnification of X 450. 


lo. Rartli, Histologischc Untersuchungen fiber Kiiochenimplantationen, 

r.eitr. z. path. .\nat. u. z. allg. Path. 17:65, 1895. 

14. Phemister, D. B. : Necrotic Bone and tbe Subsequent Changes Which It 
Vndergoc.s. J. A. M. A. 64-.211 (Ian. 16) 1915. 
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till- spacr was lilU'il with diaisr lihrniis li>Mic. It apix'arcd that rcplacc- 
iiiriit with new had failed to keep jiace with the process of resorp- 

tion. 

1 ; .\ I • I : i; I ^ 1 1 ; .V l A I . t • i • i o .\ s 

In thirteen half-urown kids, .sections of ril).s and til)iae were traiis- 
])l;inted to lieds of hone chips turned out from tlie laminae anrl atjainst 
the denuded snrlace.^ of tile laminae. In all hnt fotir animals the spinous 
processes were removed and di.scanled. 'I’he .t,'rafts were of sufticicnt 
length to hridtte three verlehrae and consisted of transplanted segments 
of rihs in six animals, full thickness tihial transidants with periosteuin 



Fig. 6. — Roentgenograms of three spines ninety days after operation. A, a full 
thickness tibial graft. Note TG, nnabsorbed necrotic bone of the transplant. B, 
infected rib grafts (RG), lying free in the abscess cavities; there was no invasion 
by granulation tissue ; consequent!}- there was a failure of absorption. The disas 
trous effect of a severe infection is well illustrated. C, a rib transplant entire y 
absorbed and replaced by new bone. Note the solid bony fusion. 

in four animals and both rib and tibial grafts in three instances, 
attempt was made to restrict the activities of the animals or to immobilize 
their spines after operation. They vvere killed at periods var 3 dng fiom 
seven days to five months, and microscopic sections from the areas in 
which the transplants had been placed }vere studied. In only one anima 
(fig. 6 S) was there a deep wound infection. In this instance the grafts 
acted as sequestrums floating free in the abscess cavities. 




B!SGARn~I<l!i (;R.U-TS rOR l-i‘Sl()X <)}■ .sriM- 
A chronological suuiiuary of the ohscrvatimi. ov.ulc \his uvou^ o( 

experiments is a? folhnvs-. 

1. Three goals were killed seven .lays after operation. In r,ne animal 
both tibial and rib grafts had been transplanted, d'he bone of all Umr 
transplants presented the usual appearance of necrosis. Ihere was. 
hoNYever, considerable proliferation of the subperiosteal osteoblasts and 
of the cells on the endosteal surfaces of both tiliial grafts and of one 
rib graft, which had been split longitudinally. On the.se surface.s there 
were also numerous capillaries with, in the split rib specimen, some in\a- 
sioir of the cancellous spaces. 

In contradistinction to tlic tiliial grafts, both rib transiilants showed 
along the surfaces small areas of resorption with a few fine tialicculi of 
new bone, 

2. Four similar specimens recovered from three animals at the end 
of two weeks revealed increased cellular proliferation with an ingiowth 
of capillaries in the formation of granulation tissue on all surfaces of 
the grafts. The tibial transplants presented the picture of beginning 
bone resorption and new bone formation as previously described and as 
observed in the rib grafts seven days earlier. Tlte rib specimens dis- 
played a more active and advanced stage of the same process. They 
were invaded rather extensively by granulation tissue, and definite depos- 
its of new bone were in evidence. 


3. Sections of each type of graft removed with the spines of two 
animals four weeks after transplantation revealed extensive absorption 
of the rib graft (fig. 7) with no increase in new bone as compared with 
that presented in the fourteen day specimens. The tibial transplant, 
however, had undergone much less absorption, but displayed about an 
equal amount of new bone. It appeared that at this stage in the rib 
specimen the process of absorption had greatly surpassed new bone 
replacement, whereas in the case of the tibial graft the two processes' 
were more neaidy keeping pace rvith each otlier. 

4, In the comparative study of two sixty day specimens only small 
remnants of the dead rib could be discerned, and these were surrounded 
by an irregular mass of new bone -which rvas continuous with that arising 
from the laminae. In contrast, the major portion of the tibial trans- 
plant remained unabsorbed, but likewise was surrounded by new bone 
which bad established union with the laminae. The new bone laid down 
m and about the rib appeared to be greater in amount and somewhat 
more organized than that arising from the tibial transplant. This micro- 
scopic evidence of bony union and fusion was also demonstrable roent- 
gcnologically and by direct inspection. 


• ° were killed ninety days after operation. No vestiee 

m the rib (fig. 6C) could be found in the sections studied, but in its 
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pliicf \v;is a lari^'c ma» of iifw liotn-, miicli of wliicli ua." ort^atiized into 
an adult ty|H'. It ai'pcarcd that the major portion of the til)ial i^raft 
had Ik'cii aliMirlu'd ami n-plaa-d l>y lU’W I)onf, I)Ut considcraldc flcar! 
hone (lit,'. (> .1 ) still ri'inaincil in lariii; irn-ttnlar islands snrroiindrd by 



Fig. 7. — Rib graft thirtj' da}'S after transplantation. The bone substance of t ie 
graft (B) is necrotic and undergoing rather extensive absorption and invasion y 
granulation tissue (£>). There are numerous small deposits of new bone (A) an 
large areas of osteoid tissue with marked osteoblastic proliferation (C). The area 
{A A) represents new bone arising from the denuded surfaces of the laminae, X 

granulations and new bone. Bony fusion was apparent, as evidenced 
by continuity with new bone arising from the laminae. 

6. One animal was killed one hundred and fifty-five days after opera ^ 
tion and yielded two specimens for comparison. There were solid bon} 
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Fig. 8. — A modified Hibbs type of operation supplemented with rib grafts. The 
resected rib segments arc split longitudinally and placed in the bed of overlapping 
fragments turned down from the laminae. The spinous processes are split and 
turned out over the transplants. 


plants survived and within seven days showed considerable proliferation. 
The cells within lacunae, encased in bone, died and gradually disinte- 
grated. The subsequent fate was that of absorption of the necrotic 
tissue and Tcplaccmcnt by new bone. This process in the two types of 
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trnitt swins to (liliVr only in n-siurt {<> tin- iiiflufiuv played i)y the vari- 
ance iti architecture. Spongy Imtie (the rih) i.s lunch iiK»re cellular and 
much inure purnn.";. In cuiisetjnence, it i.'' pre.'nmahl}' mure permeable 
to nutrient hearint,' body (Inids, atul cellular pruliteratiun ucenrs earlier 
aiid prutjre.'^.se.'^ more rapidly. I'or the .>;ame rea.son o.steoclasis, invasion 
by jjnnuilatiun tissue and new bone tormatiun apiiear earlier and up to a 
certain point advance more rapidly. Beyond this point resorption greatly 
exceeds replacement. In the dense hone of tibial transplants the two 
processes maintained a more nearly balanced equilibrium thronghoiit. 



Fig. 9. — A, tuberculous spondj'Iitis (TS) involving the bodies of the fourth and 
fifth lumbar segments. RG represents the span of fusion and rib grafts ; NB, new 
bone deposit. B, note the calcified tuberculous lymph nodes and foci in the region 
of the spleen. RB indicates stumps of resected rib segments. 

CASE REPORTS 

The subsequent clinical deductions are based on a study in which 
rib grafts were transplanted to the spine, as illustrated in figure 8. This 
operation differs from that described by Allison only in the use of rib 
grafts in place of osteoperiosteal transplants from the tibia, and from 
that referred to by Kleinberg ® in the immediate transplantation of fresh 
grafts. It is essentiall}^ the Hibbs operation, with the additional support, 
the impetus to osteogenesis and the greater surety of a massive firm 
fusion to be gained from the engrafting of bone. 

15. Allison, N. : Fusion of the Spinal Column, Surg., G.vnec. & Obst. 46:826. 
1928. 




Fig. 10. — -■•1, a patient with idiopathic scoliosis receiving correction of the spinal 
curvature in a modified (Risser), hinged, turnbuckie Jacket. B, roentgenogram of 
the spine of the patient in A before correction and fusion. C, roentgenogram of the 
same patient after correction and the second stage of spinal fusion. RG points to 
nb grafts and RR to slumps of resected rib segments (the tenth and eleventh seg- 
ments). Turnbuckie correction was continued after operation, ;^^ote the almost 
complete correction of the spinal curvature. 
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J )it“ :i^cs nf thr twelve [jaticiUs vnried fnitii 2 (o 2-1 years, and (lie 
areas of (lie spine fused rani,'ed from (he sacrum (o die secoiul thoracic 
verteiira. inclusive. The i;ronp nais composed of ffinr cases of vertebral 
luhercnlosis (fif,'s. 9 to 12) and ei^ht cases of scoliosis (fi.t^s. 10/i and 
/■> and 11 ,d). The latter series may he subdivided in re£,'ard to etiology 
into idiopathic, three cases; ricTetic. one case; jiaralytic (anterior polio- 
myelitis). two cases, and congenital vertebral deformation, two cases, 
i he two jiatients with congenital deformities of the spine were operated 
on by Dr. Comjiere.''' and the fusion operations were supplemented by 
the removal of deformed vertebral bodies (two in one of the cases and 
one in the other). 



Fig. 11. — A, ricketic scoliosis before correction and fusion. B, after correction 
and spinal fusion in two stages. RG points to shadow of rib graft and RR t.o 
stumps of resected rib segments. Note the regeneration of the ribs on the left side 
and the marked correction of the curvature. 

The rib transplants consisted of segments from 14 to 22 cm. m 
length removed from two or more ribs, in most instances from the tenth 
and eleventh or from the eleventh and twelfth. In one case of scoliosis 
with a rather marked posterior bulge of the thoracic cage, the rib seg- 
ments were resected from the center of that area to decrease the defor- 
mity b}' flattening the bulge. 

In all cases a solid bony fusion was demonstrable clinically and by 
roentgen examination within three months after operation. 

16. Compere. E. L.; Excision of Hemivertebrae for Correction of Congenital 
Scoliosis, J. Bone &: Joint Surg. 14:555 fjuh') 1932. 
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Fig. 12. — Extensive vertebral tuberculosis. Note the shadows of the rib trans- 
plants. RR marks the extent of fusion and of grafts. 


4. The rib resection is neither more difficult nor more dangerous 
(with due caution to avoid injury to the pleura), nor does it require 
more time than the removal of a graft from the tibia. 

In respect to their use for spinal implantation, the following advan- 
tages may be added ; 

1. The grafts are accessible in the same general field of operation. 

2. The curve of the rib at its angle frequently is well adapted to the 
contour of the spine in cases of kyphosis or scoliosis. 
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3. J here appe.'irs to he le.'^s ^lioek than that a.ssociated with the 
removal of a tihial ”ralt. 

4. J he iiralt.''’ otter an alternative in certain cases in which tibia! 
tjrafts are not available, owinj,' to associater! infection or fraettires of the 
tibiae or loss of the lower extremities, or niifier circumstances in which a 
scar of the would be tjreatly objected to. 

5. As de.scrihed by Whitman, the resection of ribs may serve a dual 
t unction in cases of .scoliosis with rotation deformities of the chest. 

SUM.M.VKV .-\XI) lO.\'CLUSIU.V.S 

1. Both clinical and e.xj)erimental com])arativc studies of costal and 
tibia! bone grafts arc reiJorted. These studies relate particularly to 
quantitative osteogenesis of the two types of bone represented, with 
reference to clinical application in spinal fusion operations. Ribs undergo 
revascularization and absorption and arc replaced by new bone much 
more rapidly and extensively than dense bone. W'hen no great demand 
is made on the inherent strength of the graft, as in the type of operation 
illustrated, ribs serve the purpose of transplanted bone as satisfactorily 
as do full thickness tibia! grafts and probably more effectively than thin 
osteoperiosteal transplants. Likewise, certain advantages of minor sig- 
nificance are pointed out. 

2. Some evidence in support of the cellular theory of osteogenesis 
is presented. That all transplanted bone does not die is demonstrated 
by the survival of cells in lacunae encased in bone in two of the si.x 
specimens from human beings recovered twelve and fourteen daj’s. 
respectively, after transplantation. The early and heavy deposits of new 
bone on the surface overlying these living bone cells suggest a definite 
osteogenic interrelationship. 
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um-» .-ivi- hy iv. inr:ni^ u.i-- 
and have been ircale.l al U-n^Ui in ibe liU-vaUire ..{ tbr iu«-t sbt.r 
decades. The nv.i)ori\y have been included i\i the or Ic'-- u<-nfi.d 

term of sarcoma, but while .‘^ncb a clussibcatinn is no donbl correcU the 
lymphoid tumors form a oroup in ibemsclves and should he coin'ideied 
separately. The histoi^enesis of this jtroup is still m.arlced by ohsimit) 
and has been the basis for much controversial opinion. I he nomen- 
clature is confused, and owini; to a lack of kno\vle<lite of the histo- 
genesis of these tumors, they have run the gamut of pathologic 
classification. 

More importairt than a suitable nomenclature is the recognition of 
a malignant process. Some of the tuntors undoubtedly .are ntaligntmt. 
They metastasize and recur after excision. Others pursue the course 
of a benign growth, and it is frequently impossible to dilYerentiate the 
two types microscopically. 

The problem confronting the pathologist is twofold, first to form :i 
suitable working classification and second to recognize the grade of 
malignancy. For this purpose a study has been made of 45 cases 
occurring in the Surgical Pathological Laboratory of the Johns 
Hopkins Hospital. 

HISTORICAL DATA 


Most of the literature on intestinal sarcomas has appeared during 
the past forty years. In 1883, Debrunner ^ described one of the 
earliest authentic cases occurring in the large bowel. Pick’s - case was 
reported the following year. Pitt^ was able, in 1889, to gather reports 
of 18 cases from the literature and added 1 case of his own, but he 
classified them all as lymphadenomas. Orth,-* in an inaugural thesis, one 
year later, gave abstracts of 11 cases of sarcoma of the intestines, which 
were about evenly distributed between the small intestine, the colon and 


From the Surgical Pathological Laboratory, Department of Surgery of the 
Johns Hopkins Hospital and University. 

1. Debrunner, A.; Inaug. Diss., Zurich, 1883. 

2. Pick, E.; Prag. med, Wchnschr. 9:96, 1884. 

3. Pitt, G. N.: Tr. Path. Soc., London 40:80, 1889; Rev. gen. de din et de 

therap. 44:380, 1930. ‘ 

4. Orth, L. : Inaug, Diss., Heidelberg, 1890. 
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tl)C iccluui. j>:illziT s coinprclu'iisive review of the subject a])j)carcd 
in 1892. He covered the subject in detail and commented on the pre- 
dilection of lymphoid tumors for the small intestine, Lihman’s '' article 
published in ]‘K)D was no (bnibt the best review to that date and con- 
tained a list of all cases reported to that lime, totalinij 59. Crowther' 
reviewed the literature a<;ain in 1913 and compiled statistics on 122 
cases. In 1919, Graves'’ extended this number to 2-19.'' The work of 
Liu,"' ])nbH.shcd from this laboratory, while brief, is the latest com- 
prehensive survey. 

Althoug:h lymphoid tumors have been the object of much discussion, 
most pathologists admit an inadequacy of knowledge dealing with clas- 
sification. diagnosis, pathogene.'^is and prognosis. As a result, most of 
the cases are reported in the literature under a ^■ariety of names. Sar- 
coma is perhaps an all inclusive term ; certainly most of this group of 
tumors have fallen originally into that classification. The name 
implies a definite malignant process, however, and cannot be applied 
to certain tumors which show no malignant characteristics. Neither 
can the name infectious granuloma or chronic inflammatory tumor be 
applied with impunity to a tumor every feature of which supports the 
impression of a liigii grade of malignancy. Graves, noting its ambiguity, 
made a plea for uniformity of nomenclature. He suggested the term 
lymphoblastoma, which, according to Mallory, means “a tumor of 
mesenchymal origin, the cells of which would normally tend to differ- 
entiate into cells of the lymphocytic series.” Such terms as “round 
cell sarcoma” are no doubt correct, but indicate little more than the 
morpholog}'’ of the cells. The name “chronic inflammatory tumor” tells 
nothing of the morphology and is misleading from the standpoint of 
histogenesis. Considering the group in its various phases, it has seemed 
preferable to adopt Graves’ term for the purpose of unification. 

LOCATION 

In view of the increasing number of cases appearing in the literature, 
it would be a difficult task to attempt a summar}' of all reported cases 
of lymphoblastomas of the gastro-intestinal tract. The 45 cases occur- 

5. Baltzer, A.: Arch. f. klin. Chir. 44:717, 1892. 

6. Libman, E. ; Am. J. :M. Sc. 120:309, 1900; 129:813. 1905. 

7. Crowther, C. : Ch'n. chir. 21:2107, 1913. 

8. Graves, S. : J. M. Research 40:415, 1919. 

9. These reports include onl 3 '‘ tumors of the small intestine and ileoceca 
region, and e.xclude those ol the stomach and large intestine. 

10. Liu, J. H. : Tumors of the Small Intestine with Especial Reference to the 
Lj'mphoid Cell Tumors, Arch. Surg. 11:602 (Oct.) 1925. 

11. Mallorj', F. B.; The Principles of Pathologic Histology, Philadelphia, 

W. B. Saunders Company, 1914; J. M. Research 13:113, 1904-1905, J. 

I^Ied. 10:575, 1908. 



LYAIPHOBLASTOMAS OF THE GASTRO-INTESTIXAL 

TRACT 

THEODORE S. RAIFORD, M.D. 

BALTIMORE 

Lymphoid tumors of tlie gastro-intestinal tract are by no means rare 
and have been treated at length in the literature of the jiast three 
decades. The majority have been included in the more or less general 
term of sarcoma, but while such a classification is no doubt correct, the 
lymphoid tumors form a group in themselves and should be considered 
separately. The histogenesis of this group is still marked by obscurity 
and has been the basis for much controversial opinion. The nomen- 
clature is confused, and owing to a lack of knowledge of the histo- 
genesis of these tumors, they have run the gamut of pathologic 
classification. 

]iIore important than a suitable nomenclature is the recognition of 
a malignant process. Some of the tumors undoubtedly are malignant. 
They metastasize and recur after excision. Others pursue the course 
of a benign growth, and it is frequently impossible to differentiate the 
two types microscopicall)-. 

The problem confronting the pathologist is twofold, first to form a 
suitable working classification and second to recognize the grade of 
malignancy. For this purpose a study has been made of 45 cases 
occurring in the Surgical Pathological Laboratory of the Johns 
Hopkins Hospital. 

HISTORICAL DAT.A 

]\'Iost of the literature on intestinal sarcomas has appeared during 
the past forty years. In 1883, Debrunner ^ described one of the 
earliest authentic cases occurring in the large bowel. Pick’s - case was 
reported the following year. Pitt“ was able, in 1889, to gather reports 
of 18 cases from the literature and added 1 case of his own, but he 
classified them all as lymphadenomas. Orth,^ in an inaugural thesis, one 
year later, gave abstracts of 11 cases of sarcoma of the intestines, which 
were about evenly distributed between the small intestine, the colon and 

From the Surgical Pathological Laboratorj-, Department of Surgerj' of the 
Johns Hopkins Hospital and University. 

1. Debrunner, A.: Inaug. Diss., Zurich, 1883. 

2. Pick, E. : Prag. med. Wchnschr. 9:96, 1884. 

3. Pitt, G. N. : Tr. Path. Soc., London 40:80, 1889; Rev. gen. de din. et de 
therap. 44:380, 1930. 

4. Orth, L. ; Inaug. Diss., Heidelberg, 1890. 
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CM .VH'A U onSKKVATIOXS 

J he cliiiitvil iii.'iiiiR'staliftiis of h'lnphohlastonias arc not unlike those 
hronj^ht on by any malignant process in tlie gastro-intestinal tract. 

1 he general symptoms arc malaise, cache.\ia. loss of weight, weak- 
nt.''S iind secondary anemia. Some authors jioint out the greater severity 
of the>e sym])toms in lymiihohla.stoma than in carcinoma and attempt 
to dill erentiate the two conditions on this basis, .Attention was called 
to the absence or late appearance of obstruction by Treves and Baltzer.^ 
This is regarded as a diagnostic ))oint by Williams,*- Haggard and 
others. \\ liilc it is true that general symptoms are usually present 
before obstruction develojis. this fact cannot be regarded as an infallible 
sign in view ot its inconstancy in h'mplioblastoinas and its occasional 
occurrence in carcinomas. Pain is a fairly constant svmptom, but is of 



Fig. 1. — Graph representing the age incidence for tumors in various parts ot 
the gastro-intestinal tract. The solid line represents the entire group; the dash 
line, the stomach ; the dot line, the small intestine, and the dash and dot line, the 
large intestine. Note the difference between the age incidence for tumors occur- 
ring in the small intestine and that for those occurring in the stomach. 


a dull, aching type in contradistinction to the sharp and cutting variety 
characteristic of acute obstruction. Even this, however, is frequently 
delayed for some time after the beginning of the tumor, and on account 
of the absence of symptoms, the tumor ma}^ go unrecognized for months. 

Nausea and vomiting are usuall}' present at some time in the course 
of the disease, but are not marked, and the clinician may be at a loss 
to explain their presence in the absence of other indicative signs. Dis- 
tention rarely occurs early in the disease, but the patient may complain 
of vague abdominal distress and attacks of indigestion. 

12. Williams, E. A-L: New Orleans M. & S. J. 66:173, 1913-1914. 

13. Haggard, W. D. : Tumors of the Small Intestine, J. .4. M. A. 59:2a3 
(July 27) 1912. 
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'V\u'vc wAhiMu v\i;iv;n'U vi^Uf nl.nv.t Ui< 
coni^)l;iin oi niiwknl "i 

ninnly of aUmiatin^ atiacks atal .kanlir.., M-Vr... v 

ivn a ivvvjv^v-m uecvwvucv. 

LalH'vatovy luviinus rwi-al vav\inu iU(;ir< v. n{ ;.i l•<.ntia*. v ain 'avp.v av,-. 
a uiodovatc Icukticytu^is. Tlir Mn.d- may or may n-.i rojuain or.ailt 
\ilood. 

A slisihl rise in temperature in tlie att«rno..n i iron) '»'» to l<v> V.) 
is a more, or less constant feature and is partially re'-poU'-ilde tor tlx- 
iitfectious theory of the origin of the tttutor. I he presence of fevet 
with sarcoma has heen rec<\nnized for several years, and many early 


papers call attention to it as distinctive. W illiams ’* sum;este<l the 
resorption of a toxic material from necrotic areas as a possihle explana- 
tion. hut this theorv is without pr(M)f. An indirect etiect of the intnor 
on the body metabolism is more j'llansihle. 

Roentgen findings may show a fdling defect in the stomach or the 
large intestine or a dilat.ation of the proximal bowel if ohstrnctio)t is 
present. If the tumor is in the small bowel, roentgenogr.ams arc of less 
value, owing to the difficulties of localization and of obtaining a homo- 
geneous distribution of harivun throughout the intestine. In rare 
instances, a bulbous shadow may be present owing to the dilated form 
of the tumor. When negative, the roentgen findings do not rule out a 
tumor, and when positive, it is impossible to localize in the majority 
of cases. 

Intussusception is a frequent complicating condition and is responsi- 
ble for a characteristic clinical syndrome. The onset is marked by the 
acute pain of intestinal obstruction with vomiting, distention, tympanites 
and obstipation. A sausage-shaped tumor is frequently palpated, usually 
in one or the other flank. A few bowel movements containing bloody 
mucus may occur immediately following the intussusception, but soon 
cease altogether. The condition is symptomatically identical with the 
spontaneous intussusception occurring in infants, but does not reduce 
itself. Kasemeyer"" stated that 10 per cent of 2S+ cases of intussus- 


ception reviewed by him were caused by sarcomas. The condition is 


frequently found at the ileocecal valve, resulting in an ileocolic invagina- 
tion, and IS due partly to the ease with which this part of the bowel 
invaginates, and partly to the frequency of lymphoblastomas in this 


region. 


DIAGNOSIS VROM CARCINOMA 

While it is not attempted to differentiate lymphoblastomas from car- 
cinomas on the bases of clinical data alone, the characteristic features 

14. Kasemeyer, E. ; Deutsche Ztschr. f. Chir. 118:205, lOlz 
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These dillereiices should i)c accejited with reservation, since proba- 
bly no one tumor will show all of the characteristics. Xevertheless, 
when a majority are present, they may be extremely useful in differ- 
entiating the two conditions. 

GKO.SS PATHOLOGIC CHA.VGES 

Occurring so often that thcv cannot be considered accidental, 
lymphoblastomas produce dilatation rather than constriction of the 
intestine. This characteristic has drawn the comment of many investi- 
gators. Williams.*- Jopson and White,*® Nothnagel *® and others 
regarded it as typical. A popular explanation of the 2 :'henoinenon is the 
invasion of the muscular coats with paralysis and subsequent dilatation. 
Another theory is that of origin in the submucosa followed by subse- 
quent infiltration and extension through the planes of least resistance. 
The tumor frequently resembles a hollow sphere with a moderate degree 
of constriction at either end, where the lumen of the intestine enters 
and leaves the tumor (fig. 2). This, however, occurs chiefly in the 
small intestine. In the stomach and large bowel the form is more apt 
to be pedunculated or sessile (figs. 3 and 4), Fletcher*' described a 
case with multiple plaques arising from the aggregate nodules in the 
terminal ileum. Brettauer’s *® patient had multiple hard white nodules 
in the cecum. 

The tumor is white, and its consistency is firm and rubbery. The 
cut section has a translucent sheen. The mucosa is usually intact over 
the tumor unless the tumor growth has impaired the circulation and 
caused devitalization. Areas of central necrosis are sometimes seen, 
and sterile, purulent fluid with necrotic tumor tissue is evacuated. The 

15. Jops&n, J. H., and White, C. Y. ; Am. J. M. Sc. 122:807 1901. 

16. Nothnagel, H. : Diseases of the Intestines and Peritoneum, Philadelplna, 

W. B. Saunders Company, 1904, p. 460. 

17. Fletcher, W. ; Practitioner 83:374, 1909. 

18. Brettauer, Joseph: Am. J. Obst. & Gynec. 76:90. 1917. 
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Fig. 3. — Photograph of a section through a polypoid lymphoblastoma (Path, 
no. 16485). This was one of six polyps occurring in the upper part of the jejunum. 
It had produced an intussusception. The intussuscepted bowel was removed at 
operation together with a portion of the bowel containing the remaining tumors. 
Convalescence was uneventful, and the patient is entirely well. This was a malig- 
nant lymphocytoma. 
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fluid ni.-iy hr so [iirdoiiiiuaiU at (liiics as to cause the tuiuor to he mis- 
(ukni for ;in uf)sccss. 

1 he size varies ”rcatly. As a rule, oii account of the peculiar form 
(>l the <UK‘Ui\siual dilatation, the tuniors attain a much farther size than 
carcmoiuas. and it is not at all imamumn to see a tumor the size of 
a yM-apefrnit. 


MICKoscoflC I'ATItOI.OUIC CIIAXCUS 

I he liistoloyic anatomy of tlie lyinjihohlastomas is typified bv dense 
accumulations of closely packed cells with a stroma of varving 
abundance. 1 he tumor is usually located in the submucosa and does 
not involve the mucosa which pa.sses intact over the surface. The 
direction a.ssumed by the tumor in its growth is usually parallel to the 
intestine. It seeks the planes of least resistance, and produces a 
flattened tuiuor. In advanced stages, es])ccially of tumors of a malignant 



Fig. 4 . — Piiotograpii of a pedunculated lymphoblastoma arising in the cecum 
near the ileocecal valve (Path. no. 29605). It had produced an ileocolic intus- 
susception. The right half of the colon was removed, and a lateral ileocolostomy 
was performed. This uas a malignant Jymphoeyfoma. The patient reco\'ered and 
is well. 

nature, the muscularis is invaded or mdltrated. In some instances the 
vascularit}^ is increased, but in the majority it is impaired and the vessel 
walls are invaded by the tumor. An admixture of leukocytes, plasma 
cells and mononuclear cells is commonly seen. There is a surprising pre- 
dominance of eosinophils. The tumor cells themselves vary somewhat 
with the type most commonly found in the intestinal tract. 

Benign Lymphocytoma. — This is the benign type of tumor commonly 
thought to be of infectious origin, but the etiology of which is sometimes 
obscure. The cells comprising the tumor are of the small, lymphocytic 
variet}^ (fig. 5). They are round and contain a dark-staining nucleus 
and a minimal amount of cvtoplasm. They are not dispersed homo- 
geneously throughout the tumor, but may be sparse in some parts and 
densely packed in others. The extension of the tumor is of a benign 
nature, the cells infiltrating between the normal elements without gi'ing 
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Fig. 5. — Low power photomicrograph oi a nonspecific granuloma in the 
stomach (Path. no. 44757) . Note the uniformity of size of the lymphocytic cells, 
the absence of reticulum and the irregular disposition of the cells between the 
stroma of the wall of the stomach. 


predUectaon (or perivascular arrangenreul;, syplrilis may be suspected. 
The presence of tubercles and characteristic giant cells is indicative of 
tuberculosis. Occasionally the intestinal tumor may be part of a gen- 
eralized process such as Ijmrphatic leukemia. When none of these 
characteristics are present, the tumor is left in the rather loose classi- 






8i2 


Ah'ClUrns ()/: SCRiiliRY 


litMtion o{ tioiii’pccilic ,i;taiu!l()nia, cnniprisint^ a liotcrotjeneous group 
soiufunu's in(iistinguisiial)lc fn.in tumors of a malignant nature. 

M<ili(fiHntt Lyin f'hocylonut. —Thii^ group of lympliohlastomas differs 
irnm the preceding hoili in the character of its cells and in the 



Fig, 6. — Low power photomicrograph of the tumor shown in figure 4 (Path, 
no. 29605). Note the closely packed accumulations of round cells, which are larger 
than normal lymphocytes. They are invading the tissue profusely, but have not 
encroached on the lumen of the blood vessel in the center of the picture. 


manner of its growth. The majorit}^ of the cells are slightly larger 
than normal lymphocytes, Thet- are uniformly round, with scanty 
cytoplasm. The nucleus stains much lighter and contains numerous 
chromatin particles which have a tendency toward central arrangement. 
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(pSri. 283r2r'Thfreira’reT''*-f ly>«Pl’Ocytoma of the colon 

graph and are infiltrating betxvee.rthe'^ conn ° r preceding photo- 
wall without destroying them. onnectne tissue fibers of the intestinal 

lecture of the intestinal wall (fijr. / )_ Jnstearl tb^ 

tile muscle and connective tissup ^ * y ^te packed between 

ot leas, rasis,a„ce. itLSv is "Tr"'' 

present arc not invaded by the tumor cell (fiTe) ' ““ 

amaii';t“fcd;:ari,nd::r -d 
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Bcnuni h'dictilonui. — 'I'his type is not a true tumor formation, but 
is analoj^ous to the hyperplastic lympliadenitis common in the presence 
of eitlier an infectious process or a mah'jpiant condition of the bowel. 
It typifies ihe enlarired. hard mesenteric "land frecjuently mistaken 
at operation for metastatic carcinoma. 

t )n section one finds not the malitjnant cells of the neoplasm, but a 
hyper])lasia of the reticulum cells of the primordial follicles and lymph 
sinuses (fis,'. 9). The cells are large and polygonal and possess a 
moderate amount of cytoplasm and a dark-staining nucleus. There are 



Fig. S.— High power photomicrograph of a malignant lymphocytoma o 
colon (Path. no. 28312). (From the same case as fig. 7.) Note the regu any 
the cell structure both in size and in staining reaction. There are er 
which are normal b'mphocytes between this type and the larger ce s. o 

of transitional growth may be observed. 


many other cells resembling endothelial cells which are larj^er an 
lighter stain, the nuclei of which contain numerous chromatin pa 
Reticulum is abundant and forms a loose, supporting stroma o 
cells. This is apparently a normal stimulatory response, an " 
perhaps has no place in a consideration of neop astic grou , ^ . 

be included as the benign counterpart of the malignant reticuloma 

the following group. , ^ ^ r rn 

Reticuloma.— These are the tumors thought o ar 
the reticulum cells of the primordial follicles of t le ^mp n 


R.in-<>i<n-!.yMrnii!u <</ ;v/7 w/v.5; 

culls live luv^c :\u<l slmw nn :\c\n'i‘ "l i 'u:. Hh, 1 li* 

nuclei :\vc l:iv^c :\u<l v<'nn'l nv nv;\l. ;inil c<>nl;iin ;i Imu:'' mnnlv i of < 
matin panicles, whicli an- nniM impn-ntly ciinci ntiatt 4 a* llic p< i ipla t y. 
XcYcrlliclcss. the micUaiv is lipht-stainini; ami ini'- the apj'cai am<- o; 
heinK tnalipianl (I'y^. 12). 'rite cvinplaMii is nindt-r.-ite in annnint atfl 
polyhedral in .shape, and freipiently exliihils sharp, "pijpiail" e<iim rs. 


--It ' 




for carcinoma of Ac 41307)^"'?t at operation 

was thought to be involved bv mem t *' I' enlarged and hard and 

ever, shou-ed a byperptltmolrd ^ examination, how- 

was no evidence of a Llienir^ ^"™'"al centers. There 

cells to those in figure 10. The'^cXlre lar^r'^^T' similarity of these 

packed. They are supported looset b^a S . 

endothelioid cells mav also be seen The Z T ’'"ticulum. Larger 

lymphocytes. This is a benign reticuToma ^'^^rounded by normal 
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RclicuUun is pn-si-tu hul varies in ainnunl with the portion ‘of the tumor. 
Tn some areas it is al)nnflaiil ; In others, almo.st iiei'ligihle. The cells 
arc not packed close!}' toilet her aiul invade the normal structures with 
every characteristic of maiiymant ijrowth. 

A i^eculiarit}' ot some of these tumors is tiic presence of large giant 
cells (fig. 11). J hese may he of two tyjies. One contains two or more 
nuclei, similar to those of the single tumor cells, and gives the inipres- 
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Fig. 10. — Medium power photomicrograph of a malignant reticuloma of the 
ileum (Path. no. 41291). (From the same case as fig. 2.) Note the large, irregu- 
lar cells with the “pig-tail” cytoplasm and the reticulum. The cells are not as 
closely packed as in malignant l 3 fmphocytoma. 


sion of a cellular fusion. The other is a large cell with a single 
nucleus, much larger than that of the tumor cell. This nucleus is 
light-staining and contains less chromatin, but one or two nucleoli. The 
cytoplasm is darker than the nucleus. Flexner and Libman ® have 
called attention to these, suggesting that they may be of parasitic origin 
and connected with the etiology of the growth. 


19. Flexner, S. : Rep. Johns Hopkins Hosp. 3:153, 1893. 
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Vascularity is wdi <!cvcl<tiH-il in this type nf tumor. Xunuiou- 
capillarics can he seen, most of which have heeii iuvadeti hy the tumor 
ceils. 

An infiUratiun of small round cells is tisnally found. Thi'> cou^isiK 
of small lymphocytes and jilasma cells. i’olymor]ihomiclear lenhocvlc'- 
may he present, especially if secondary infection has taken place. .An 



apparent characteristic of the tumor is 
cosnrophds. This is. of course, more ma 
lut IS a fairly constant finding. 


presence of numerous 
m some tumors than in 
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Reticulum is present but varies in amount with the portion bf the tumor. 
In some areas it is abundant; in others, almost negligible. The cells 
are not packed closely together and invade the normal structures with 
every characteristic of malignant growth. 

A peculiarity of some of these tumors is the presence of large giant 
cells (fig. 11). These may be of two t3-pes. One contains two or more 
nuclei, similar to those of the single tumor cells, and gives the impres- 



Fig. 10. — ^Medium power photomicrograph of a malignant reticuloma of the 
ileum (Path. no. 41291). (From the same case as fig. 2.) Note the large, irregu- 
lar cells with the “pig-tail” cytoplasm and the reticulum. The cells are not as 
closely packed as in malignant lymphocytonia. 


sion of a cellular fusion. The other is a large cell with a single 
nucleus, much larger than that of the tumor cell. This nucleus is 
light-staining and contains less chromatin, but one or two nucleoli. The 
cytoplasm is darker than the nucleus. Flexner and Libman “ have 
called attention to these, suggesting that the}' may be of parasitic origin 
and connected with the etiology' of the growth. 


19. Flexner, S. : Rep. Johns Hopkins Hosp. 3:153, 1893. 
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The tumors ot lympboevlic origin that \iave iieeu dealt \yith .uc 
therefore lyinphocytoinas and may he roughly classilieil henign and 
malignant. Those of reticulum cell origin may he similarly classed as 
reticulomas and arc likewise henign and malignant. 

Benign Lymphocylonia. — Tumors of this group comprise those coni- 
monly known as chronic inflammalor}' tumors, benign granulomas and 
the intestinal manifestations of certain specific infections such as luhcr- 
culosis and syphilis. The tumor cells usually represent a cellular reac- 
tion to stimulation of an inflammatory nature. 

Malignant Lymphocytonia. — ^This is the tumor commonly diagnosed 
small round cell sarcoma. It is a true neoplasm of the lymphocytic 
cells arrd possesses all the characteristics of a malignant process, pur- 
suing a progressive course and terminating fatall}' in the absence of suc- 
cessful intervention. Metastases may occur, but owing to the similarity 
of the cells to normal lymphocytes, they are frecjnently overlooked. 

Benign Reticnloma. — ^This is not a true neoplasm but should be 
included as representative of the henign reticulum cell hyperplasia. 
Enlarged mesenteric glands are not infrequently found in many condi- 
tions. They are especially common in the preseirce of carcinoma of the 
bowel, and for this reason arc frequently diagnosed as metastases until 
proved otherwise by histologic examination. It is then found that there 
is a hyperplasia of the reticulum cells of the lymph node hearing a strik- 
ing resemblance to certain types of sarcoma. 


Malignant Reticnloma . — ^This type of the reticulum cell sarcoma 
is apparently a malignant neoplasia of the reticulum cells of the follicles 
and sinuses. The cells undergo malignant metamorphosis, grow 
rapidly and metastasize early. No satisfactory explanation has been 
oftered for the presence of the giant cells alluded to in a foregoing- 
paragraph. The parasitic theory of Flexner and Libman is unique but 
evidence m support of such a theory is lacking. The eosinophil’ia is 
hkewvsc difficult to understand and is a characteristic for which there 
IS no apparent explanation. 
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'J'lie nKiIijriiaiR-y of tlic iyiiipliohlastoinas is stil! a debated question. 
J he piohlein iiresnmably ari.ses from the diniciiky experienced bv the 
patholofri.st ill diOerentiatint,’’ the beni.tjn from tiic mali^tjnant Iiv the use 
of the microscope. L ndouhtcdly there are tumors which arc benign, 
and it may lie said in defen.se of the jiathologist that from the micro- 
sco[)ic picture alone it is diflicult to establish the grade of malignancy. 
Clinical data and the progress of the disease are no more helpful. It 
should not, however, in view of the characteristics previously mentioned, 
be (liftivult to fiistingnish tlie lymjihocytoina from the reticuloma group. 



Fig. 13 . — Low power photomicrograph of a malignant lymphocytoma developing 
in a Peyer’s patch in the lovv'er part of the ileum (Path. no. 7403). Under high 
power one can see the remains of normal lymphoid tissue. This tumor was growing 
in a flat plaque, producing a flattened, oval elevation in the wall of the intestine. 

Lymphoblastomas are commonly thought to have a poorer prognosis 
than carcinomas. This is not wholl}'^ true, but varies with the type of 
tumor. The reticulomas are without doubt more malignant than the 
lymphocytomas and represent a grade of malignancy comparable to 
grade IV adenocarcinomas. The lyanphocytomas, on the other hand, 
metastasize late, if at all, and correspond to adenocarcinomas of grades I 
and II in their manifestations of malignancy. 

The fact remains that microscopic differentiation of the benign from 
the malignant is difficult and frequently impossible. In the light of 
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prosciU kiiowk-cl.qc. however, they tmtst nH he reKar<le<l pnieidially 
malignant. 

ritoe.Nosis 

Since the lymphohhislonias rarely pv««\\u-e eiinslvK-tmn in the early 
stages of the disease, the condition is not recognized mitil in its a<lvanie<l 
stages. This is parliallv re.sponsihle for the grave i.rognosis tisn.ally 
associated with the tumor. If recognized early the nltimale mortality 
would no doubt he less than that of cavcinoi\u\. As it is. most of the 
tumors are diagnosed after they have att.ained a .size .sufficient to imiiair 
the successful extirpation, and the chances for ultimate icco\eiy are 
cow espoudi ugly poor. In certain cases a superimposed condition such 
as intussusception may identify the tumor early and thereby enhance 
the recover}' of the patient. One may say in summary, therefore, that, 
like carcinomas, the prognosis is good when the condition is recognized 
early and resection is \)erforined. In addition, the factor of earlier 
metastasis in rcticulomas, gives to these a graver prognosis, while 
lymphocytonias are more a]it to he recognized before the condition is 
inoperable, and respond favorably to operative intervention. 


TRltATMENT 

Surgical intervention offers the best chance of cure if the disease 
is recognized early. It is preferable to remove the section of intestine 
containing the tumor regardless of the size of the growth. The mortality 
attending resection is sufficiently low in competent hands to justify 
the operation, and although a tumor may appear perfectly benign in the 
gross, it is best to remove a good margin of healthy tissue. In the 
larger organs, such as the stomach and cecum, an excision is sometimes 
necessitated by the location. If this is the case, every effort should be 
made to remove as wide a margin of healthy tissue as possible. It is 
also well to remove adjacent glands with the tumor. It is extremely 
difficult to detect early glandular metastases even in histologic section, 
but, as has been pointed out, glandular enlargement is common. This 
in many cases is clue to a simple lymphadenitis, but it is wiser to remove 
the metastases as extensively as possible with the tumor. 

Irradiation has been used in a few inoperable cases with satisfactory 
results. Balfour and McCann have emphasized the favorable result 
of radium and roentgen therapy, both as a preoperative measure and as 
a palliative treatment in inoperable cases. The tumors are radiosensitive 
to a certain degree, and although it cannot be hoped to bring about a 
complete cure, a temporary cessation of symptoms accompanied by a 
decrease in the size of the tumor may be expected. 


-0. Balfour, D. C., and ^teCann, J, C. : Ani. J. Cancer 15:440, 1931. 





Table 2. — Lymphoblastomas of the Gastro-Intestinal Tract {-15 Cases) — Continued 
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1. Forly-five c:iscs of fonm-rly :.s ^;lr- 

comas. chronic inflannnnlory Unnors. lymphomas or other types of 
growth, have Iwen reviewed fnnn the standj'oint of their clinieal and 
pathologic features. 

2. These tumors freipiently occur in young children. 1 he site of 
election is the terminal part of the ileum ainl cecum. 

3. It is difficult clinically to distinguish lymiihohlastomas from car- 
cinomas. but certain characteristics of the fiuaner have been emphasized, 
such as an insidious onset without acute pain, severe wasting and 
secondary anemia. The presence of a moderate degree of fever atul the 
absence of early symptoms of obstruction are strongly suggestive of a 
tumor of lymphoid origin. 


4. The characteristic gro.ss form ju'oduced is an aneurysmal dilata- 
tion of the bowel in contradistinction to the stenosis ju'oduced by car- 
cinoma. The typical cytologic form is that of a round cell, resembling 
those of the lymphoid series. The tumors are divided into two main 
groups, the lymphocytomas and the rcticulomas, according to the cells 
from which they arise. 

5. These tumors are thought to arise from the lymphoid tisstte of 
the intestinal tract and represent atypical developments of the lympho- 
cytic and reticulum cells. 

6. The majority of the tumors are malignant. The remainder must 
be considered potentially malignant, although it is frequently impossible 
to distinguish the malignant characteristics. Tumors of the reticulum 
cell type are the more malignant. Both are freqriently confused with 
benign inflammatory lesions such as tuberculosis and syphilis. 

The prognosis is poor, owing to the late diagnosis. Optimum treat- 
ment consists of surgical resection combined with irradiation. 



EROSIOX 01' in^MOKAI. ARTERY. SECONDARY TO 
PATHOLOGIC I'RACTURE DUE TO 
OSTEO.MYELITIS 

KKPORT OF A CASK IX WHICH THK COMMOX FEMORAL 
ARTERY WA.S LIGATEO 


JACOB KULOWSKI, M.D. 

AND 

MAXUEL !•;. PUSITZ, M.D. 

IOWA CITV 

The chief interest in reirorting this case is the ligation of the common 
femoral artery because of secondary hemorrhage incident to the erosion 
of the vessel. The second feature is the presence of two pathologic 
fractures, one of the surgical neck of the humerus, and the other in the 
shaft of the femur, the latter being directly responsible for the erosion 
of the superficial femoral arter}-. 

Pathologic fracture in osteom)'elitis can be prevented in practically 
all cases treated by the Orr method primarily. Over two hundred 
patients have been treated by the Orr method in this clinic since 1923, 
with onl}" one case of secondary pathologic fracture. This occurred 
in a femur which went unprotected bv the usual plaster hip spica for 
only one day. This same patient, who had multiple lesions, completely 
recovered. 

The possibility of secondary hemorrhage, especially of mechanical 
trauma incident to pathologic fracture, makes Orr’s dictum of adequate 
rest and protection following the primar}’^ adequate drainage absolutely 
essential in the treatment of osteomyelitis. This principle, in our opinion, 
cannot be ignored, regardless of the method used in the treatment of 
p}'Ogenic involvement of bone. 

Ligation of the common femoral arterj’- is not a frequent procedure, 
except as a life-saving measure, preliminary to amputation. The col- 
lateral circulation of this part of the femoral vessel is certainty more 
efficient than is usualty considered to be the case. In this patient ampu- 
tation was performed no less than twenty-eight days after the ligation. 
This was necessary because of the septic absorption from the extensively 
involved femur. 

From the Department of Orthopedic Surgery, State University of Iowa, 
Service of Dr. Arthur Steindler. 
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111 Avis C., a);c(l 13, wliitv, llic onset of the jiresent illness was tviiieallv am!', 
followiiiR a moderate tranina to tlie riclit knee. After a stormy jieriod of Msm 
weeks, the right thigh was finally Imt inadeiiiiatcly drained hy two »oft tissue ’t.ih 
wounds. One week before her admission to the hnsjntal she moved her ritdit leg. 
and experienced severe jiain and a sense of hreakiiig in the right tliigdi. 



.i'alroSKrio!-’"' 2». 1932- B ,„<1 C 

pathologic fracture site. ' '■^"’arkably little displacement at the 

markedly emaciated. ^ 0.fSula!L?"thf^^^ P®"’- and was 
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TIic tcmpfratiirc ranged from lOl to KW I'., the pulse from 110 to 150, and 
the respirations around 40. ']'he leukr)cyfe count was 13,400, the hemoglobin 

bo per cent and tlie red cell count 3,020,000. Tlie urine was normal, and the 
^\ assermann tests negative, hut the intradermal tuberculin tests, botli human and 
iiovine, were positive on several occasions. T he blood cultures were negative. The 
coagulation jjcriod was three minutes. 

The child was c.xtremeh’ septic on admission, the i)eriod of her illness now being 
of thirteen weeks' duration. The active pulmonary findings were suggestive of 
tuberculosis. All these factors made the 0 |)erativc risk too great. A hip spica 



Fig. 2. — A, postamputation dissection of the right thigh and femur. The 
arrows indicate the contact points of the vessels with the jagged distal fragment. 
B, the superficial femoral artery and vein dissected free and opened. The venous 
defect (a) could not definitely be attributed to erosion. The artery with the indi- 
cator passing through the erosion is shown by b. In the lumen, contiguous to the 
opening but not entirely blocking it, is observed an organized thrombus. 

was applied under anesthesia, and further hygienic measures instituted to improve 
the patient’s resistance. 

On February 10, Orr drainage was done on the right femur through a window 
in the cast. Free pus was not encountered e.xcept in Scarpa’s triangle. The bone 
in the region of the fracture was necrotic, e.xhibiting a somewhat yellowish, caseous 
appearance, suggesting tuberculosis. Guinea-pig inoculation and microscopic 



K VI.OW'SKI-I’^ 'S I T/.—li >■''!< 


I-HMOK.U. .!/v'//.Kr KV) 


ol .»»■ Tl.- I,.. .—1 

S,”„vl„c,,.c,» I,.- .1.>- „ 

On 16. ll« «.l.«»u..al ,«.T tali .■< «»• dr.l. 

™,.ovt.l (ro... n ,im.s ..v.r l\ic ..LFt •« H"' <.nl, . 

anesthesia. , , 

The first nia.ssive he.norrhaus- sti<hk-nly .H-cttriea ahunt -nr nn-nth afnr tlir 
operation on ti,e fennr. The patient rapidly exhihited sy.npto.ns .n sh,.rh -n,d 
finally syncope. 1- xa.ninati.n, ot the xvonml tailed to reyeal any actively hleednn: 



Fig. 3. — The amputated right lower extremity twenty-eight days after ligation 
of the common femoral artery. Except for the discoloration of the heel, the parts 
are in excellent condition. The terminal vessels are impermeable to the opaque 
solution injected immediately after amputation. 


points. Transfusion of citrated blood and de.xtrose administered intravenously 
revived her. In the next two days she had two more extensive hemorrhages, from 
which she recovered following the same treatment. 

Immediately after the third hemorrhage, the right common femoral artery was 
ligated directly below Poupart’s ligament, under local anesthesia in the ward. 

On regaining consciousness, the patient complained of numbness of the entire 
extremity, and pain over the dorsum of the foot and heel. The foot remained cold 
and colorle.ss for the remainder of that day. On the second day the foot became 
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warm, lutl was still s>>mt'wliat painful. 'Flic f.'ctrciiiilj-. hclow tlic knee, e.vliibited 
almost coiiiiiletc :mestliesia dnrinit the entire perifxl of oloervation tintil amputation. 
I'hcrc was no level of hyperesthesia noted at any time. Of particular interest was 
the observation that no ischemic contractnres occurred, Followine iipation, the 
red cell coiml steadily rose from less than i.lHMt.OO!) to about 4,tH!().(1tl() at the time 
of discharfte from the hospital. Xo further hemorrhasjes ensued. 

Septic absorption necessitated further rlrastic measures, and twenty-eiiilit (lays 
after libation, a Guillotine amputation of the riijht thigh was done at the junction 



Fig. 4. — The patient two months after amputation, and the roentgenogram 
the stump of the same period. 


of the upper and middle thirds of the thigh, which was just above the site of tl 
pathologic fracture. , 

rficial femora! 


The amputated extremitj' was immediately dissected, and the superti 


vvhich pobt*^ 


artery was found to be eroded opposite the jagged distal fragment, at W' ^ 

the vessel was in contact with the bone. The accompanying vein also 
defect which could not be absolutely ascertained as being due to erosion. 
ing the femoral arterj% an organized thrombus was found contiguous to the 
but not completely blocking it. The muscles of the leg were pale, hut ot 
not remarkable. Histologic examination of the vessel wall, thrombus and a 
of the gastrocnemius muscle revealed : erosion of the femoral artery, o g 
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thrombus and isclicmia of the muscle. The superficial femoral artery was llien 
injected at its uppermost limit with an opatpic solution, and roentgen e.Kamination 
was made. All, the vessels filled readily except the terminal phalangeal branches. 
Further dissection corroborated these roentgen findings. 

The patient made an uneventful recovery, and was discharged about two months 
after the last operative procedure. The .stump was almost completely healed. 

COMMENT 

Several questions readily present themselves regarding the treatment 
in such a case. It may be stated at the outset that this extreme degree 
of involvement will not likely occur if adequate primary drainage is 
established as soon as the diagnosis of osteomyelitis is made. 

1. Should primary amputation be considered at the first examination 
of a patient presenting this picture? 



Fig. S. — A, roentgenogram of the right shoulder on the patient’s admission, 
showing the pathologic fracture of the surgical neck of the humerus. The upper 
one half of the shaft is sequestrated. D, the same shoulder three months after 
sequestrectomy. The head of the humerus is apparently viable and is united to 
the distal fragment. The functional result is good. 


Many limbs have been spared in this clinic by following the regimen 
as instituted in the case reported. A primary adequate cast, in the great 
majority of cases, will enable the patient to develop sufficient resistance 
to combat the infection, after final drainage has been established. 
Amputation is resorted to only as a life-saving measure. Cases are on 
record in this clinic that wholly substantiate this procedure. 

2. What is the danger of secondary hemorrhage following an exten- 
sive drainage of the femur? 


It is minimum if the operator confines himself to the lateral side of 
the thigh, and limits his manipulations to blunt dissection in the re^^ion 
of the rcreat vessels. 
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3. Can one cope successfully with a secondary hemorrhage when a 
cast has been ai^plied? 

The window in the cast can readily be remo\'ed if nccessar}', and 
the operative held fjuicKdy exposed. The cast will certainly minimize the 
patient’s early excitable movements and tend to les.sen the degree of 
hemorrhage. 

4. Is it safe to operate through a window in the cast, as advocated 
by Orr? 

The window should be adequate to permit easy access to all parts 
of the held of ojjeration. This method saves so much time in poor 
risks, that the possible disadvantages arc outweighed by the benehts to 
the patient. 

CONCLUSION 

A case lias been reported of ligation of the common femoral arter}' 
secondary to erosion of the vessel incident to a pathologic fracture in 
osteoinvelitis. To the list of complications of osteom 3 ’elitis is added 
and elaborated erosion of the femoral artery, which has been but seldom 
reported in the literature. Special emphasis has been placed on the 
prevention of pathologic fracture in osteomi'eh'tis b}" adequate protec- 
tion as advocated by Orr. 
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HTSTOUICAL 

The historical background for the blood supply of the colon does 
not extend beyond Galen (131'201 A.D.)) he was the fiist to 
describe arteries as carriers of blood. However great Galen s services 
may have l^een to medicine in his day, his influence in the long run was 
retrogressive. Philosophy was an integi'al part of the learning of every 
scholar of his time, and philosophic beliefs and concepts were inex- 
tricably mingled with scientific facts. Galen might have discovered 
many more anatomic and physiologic facts had he not hidden science 
behind a screen of theory regarding the spirits of the body. Bodily 
fmretions were ascribed to the agency of these spirits, and research was 
abandoned when the spirits entered. One result of this philosophic 
belief is evidenced in Galen’s anatomic diagrams," which show vessels 
coursing vaguely from intestine to liver, but nothing definite and 
clear cut. 

In the following centuries and in the Middle Ages, Christianity 
replaced philosophy as a stumbling block to advance in the knowledge 
of anatomy.^ Owing to ascetic doctrine, the body was regarded as the 
temporary and unworthy abode of the soul during life, and in illness 
treatment of the soul was almost always incorporated with, if not sub- 
stituted for, measures to relieve the body. However, with death came 
a change in attitude toward the body, rvhich was looked on now as a 
sacred relic with which the soul would some day reunite. These two 

From the Division of Surgery, the Mayo Clinic. 
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sity Press, 1917, p. 169; Cyclopaedia of Anatomy and Physiology, London, Long- 
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F. H. : Introduction to the History of J,Iedicine. ed. 4, Philadelphia, W. e! 

Saunders Company, 1929. 

2. Singer, C. J.; The fasciculo di medicina, Florence, R. Lier & Co 19^5 
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stningeh’ antipathetic ideas were powerful factors in keeping exact 
knowledge of u'liat was witliin the body at a minimum and in preventing 
discovery of the details of anatom}'. An illustration in a late thirteenth 
century provincial manuscript shows loops of intestine with indefinite 
vessels. The arterial diagrams of V'esalius “ about 1538 indicate the 
inferior mesenteric artery but cojifuse the superior mesenteric artery 
and the celiac axis. More than a century later (1653), Culpepper® 
shows the same confusion in his translation of Veslingius’ work. It is 
paradoxical that the anastomosis of the mesenteric arteries should be 
named for Jean Riolan, as Riolan," to whom Harvey ® refers as “prince 
of anatomists,” is famous for his opposition to Harvey’s principle of 
the circulation of the blood. 

After the acceptance of the idea of the circulation of the blood, 
von Haller,® writing between 1759 and 1766, gave a thorough and com- 
prehensive description of the blood supply of the colon. The emphasis 
he placed on the blood supplied by anastomosis from the hypogastric, 
spermatic, intercostal, capsular and lumbar ai'teries probably started 
some of the misconceptions regarding them. However, von Haller 
established the fact that the primary blood supply of the colon is from 
branches of the superior and inferior mesenteric arteries, and that the 
adjacent branches anastomose near the wall of the colon. With the 
exception of variations of individual branches (which will be considered 
separately) and detail of description, the following anatomists agree 
with the fundamental outline of von Haller: Cheselden,“ Cruv'eilhier,^^ 
von Behr,^® Wilson,'® Smith,'* Henle,'® Hyrtl,'® Ouain,'" Treves,'® 

4. Chouland, J, L. : Histon’^ and Bibliograph}^ of Anatomic Illustrations, 
Chicago, University of Chicago Press, 1920, p. 55. 

5. Vesalius, Andreas : Des Andreas Vesalius sechs anatomische Tafeln voin 
Jahre 1538, in Lichtdruck neu herausgegeben und der 86 Versammlung Deutscher 
Naturforscher und Arzte zur Feier der 400 Wiederkehr des Jahres seiner Geburt 
dargeboten von Moriz Holl und Karl SudhofF, Leipzig, J. A. Barth, 1920. 

6. Veslingius, Joannes ; The Anatomy of the Body of Man, translated by 
Nicholas Culpepper, London, P. Cole, 1653. 

7. Riolan, Jean, quoted by Eycleshymer, A. C. : Anatomical Names, New 
York, William Wood & Companj’-, 1917, p. 321. 

8. Harvey, William: De motu cordis, London, Nonesuch Press, 1928, p. 121. 

9. von Haller, Albert: First Lines of Physiology, Troj'', Obadiah Penniman 
& Co., 1803, p. 368. 

10. Cheselden, William: The Anatomy of the Human Body, ed. 13, London, 
1792, p. 188. 

11. Cruveilhier, Jean: Anatomy of the Human Body, New York, Harper & 
Bros,, 1844, p. 509, 

12. von Behr, Alfred: Handbook of Human Anatomy, Philadelphia, Lindsay 
S: Blakiston, 1847, p. 323. 

13. Wilson, Erasmus : A System of Human Anatomy, Philadelphia. Blanchard 
& Lea, 1858, p. 323. 
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Sobotta.”’ Sappey."'’ Spallehol/..”* Grayr'^ Cunningham,-^ iM orris,-' 
Merkel.'-'' Toklt.^" Gerrish.-' Harlmann,'" and Piersol.'-^” None of the 
writers’ disagreed with the conception generally accepted of the blood 
supply of the colon. 

Tim COt.ON 


The study of the blood supply of the colon, from the ileocecal valve 
to the iliac colon or sigmoid, was made with tissue removed at neciojisy. 
More than eighty specimens were removed and examined, but only 
forty, in which the blood supply of the entire part could be determined 
exactly, and casts or roentgenograms preserved, are used in this report. 
Two slightly ditferent methods were followed in this study. The first 
method consisted of removal, inspection, injection of celluloid solution 
into the arteries and corrosion of the tissue ; the second method consisted 
of injection of the arteries in situ with a solution of red lead, removal 
of the specimen, roentgenologic examination and inspection of the 
specimen. The stud}’ of the arteries of the wall of tlie colon was made 
by: (1) inspection of the celluloid casts. (2) stereoscopic roentgeno- 
grams and flat roentgenograms of the wall of the colon, (3) serial 


14. Smith, H. H. : Anatomical Atlas, Philadelphia, Blanchard & Lea, 1859, 
p. 148. 

15. Henle, F. G. J.; Handbuch der systematischen Anatomic des Menschen: 
Gefiisslehre, Braunschweig, F. Vieweg und Sohn, 1871, vol. 3, pt. 1, pp. 161 and 
295. 


16. Hyrtl, Joseph; Handbuch der topographischen Anatomic, Vienna, W. 
Brauniiiller, 1871. 

17. Quain, Jones: Elements of Anatomy, London. Longmans, Green & Co., 
1914, vol, 2, pt. 2, p. 129. 

18. Treves, Frederick: The Anatomy of the Intestinal Canal and Peritoneum 
in Man, London, H. K. Lewis, 1885. 

19. Sobotta, Johannes; Atlas and Text-Book of Human Anatomy, Philadelphia, 
W. B. Saunders Company, 1907, vol. 3, p. 57. 

20. Sappey, guoted by Potherat, Bull. Soc. anat. de Paris 3:233 (klarch) 1889. 

21. Spalteholz, Werner: Hand- Atlas of Human Anatomy, Philadelphia, J. B. 
Lippincott Company, 1922, vol. 2, p. 442. 

22. Gray, Henrj': Anatomv of the Human Body, Philadelphia, Lea & Febieer 
1924, p. 930. 

23. Cunningham, D. J. : Text-Book of Anatom}', ed. S, New York, William 
W^ood & Company, 1921, pp. 41-79; 930-933; 1162: 1220-1222 and 1249-1256. 

24. Morris, Henry: Human Anatomv, ed. 7, Philadelphia, P. Blakiston’s Son 
& Co., 1923, pp. 633 and 1204. 


25. Merkel, Friedrich; Die Anatomic des l\[enschen, Wiesbaden T F Bern- 
mann, 1918, vol. 6, p. 143. 

26. Toldt, Karl : An Atlas of Human Anatomy, New York, Rebman Co., 1919. 

27. Gerrish, F. H.: A Textbook of Anatom}' by American Authors Philadel- 
phia, Lea Bros. & Co., 1899, p. 429. 

28. Hartmann, Henri : Some Considerations upon High Amputation of the 
Rectum. .\nn. Surg. 50:1091 (Dec.) 1909. 
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section of the wall of the colon and microscopic examination and (4) 
dissection of the wall of the colon under lower power magnification. 

First Method . — The removal was planned to include all of the 
arteries supplying the colon from their origins. The small bowel was 
removed from within 12.5 cm. of the ileocecal valve to the duodeno- 
jejunal flexure, the omentum was cut close to the greater curvature of 
the stomach and reflected downward, the peritoneum was incised lateral 
to the ascending and descending colon, across the brim of the true 
pelvis and along the upper border of the pancreas, and the colic liga- 
ments were cut close to their mural attachments. Along the lateral 
incisions, the colon, the peritoneum, the colic vessels and the sub- 
peritoneal fat were reflected toward the median line. At the duodeno- 
jejunal flexure the peritoneum was incised close to the bowel and 
reflected mesially from the anterior surface of the duodenum. The 
mesocolon was reflected downward from the anterior surface of the 
pancreas and duodenum. The superior mesenteric arteiy was severed 
immediately distal to the origin of the inferior pancreaticoduodenal 
artery, the entire mass reflected downward, the inferior mesenteric 
artery cut at its origin and the reflection continued to the pelvic brim 
where the sigmoid and sigmoid arteries were cut across. The entire 
mass was removed from the abdominal cavity. 

The specimen, consisting of the omentum, the entire colon with its 
peritoneal attachments and arteries, was subjected to careful examina- 
tion and the measurements of each specimen were recorded on a printed 
form. The length and size of the different parts of the colon and the 
origin and course of the main arteries and marginal arteiy were 
recorded. 

Thirty-five unembalmed specimens were used for injection of 
celluloid solution into the arteries and subsequent corrosion of the tissue. 
The process, with a few modifications, was similar to that used in studies 
of the blood supply of other organs by Barker,®” Whitten,®^ Pope and 
Judd,®® and Counseller and Meindoe.®® The lumen of the colon as well 
as the arteries was injected in eighteen specimens. 

The advantage of this method is that an accurate cast of the com- 
plete arterial supply' of the specimen is preserved and the results of the 

30. Barker, N. W. ; Cclhiloki Corrosion Technic for Stud 5 ' of Normal and 
Patliologic Variations of the Arteries of the Kidney, J. I-ah. & Clin. Med. 14:257 
(Dec.) 1928. 

31. Whitten, B.: A Review of the Technical Methods of Demonstrating the 
Circulation of the Heart ; a yfodification of the Celluloid and Corrosion Technic, 
Arch. Int. ^rcd. 42:846 (Dec.) 1928. 

32. Pope, C. E., and Judd, E. S.: The Arterial Blood Supply of Sigmoid, 
Rectosigmoid and Rectum, S. Clin. North America 9:957 (.Aug.) 1929. 

33. Counseller, V. S., and MeIndoe. .A. H. : Dilatation of the Bile Ducts 
(Hydropliepatosis), Surg., Gyiicc. &• Ob.«t. 43:729 (Dec.) 1926. 
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inspection arc checked. The disaclvanlaKc lies in the technical dilTi- 
cnlties of removal, injection and snhsecinent handling of the hulky, 
fragile specimens. 

Second Method.— TI k arteries of fifteen specimens were injected 
in situ with opaque material; the specimens were then removed, loent- 
genograms were taken, specimens were inspected and the results 
recorded. The inferior mesenteric artery was clamped at its origin 
from the aorta and the sigmoid arteries, and the marginal artery of the 
sigmoid was clamped at the brim of the jiclvis, 1 he superior mesenteric 
artery was isolated and severed just distal to the origin of the inferior 


pancreaticoduodenal artery. A syringe was tied into the distal end 
of the artery and the vessel was washed with water until the blood 
disappeared from the fine vessels of the intestine. A warm, hemog- 
enous mixture of about three parts corn starch, two parts red lead and 
four parts warm water was injected with a syringe. When the small 
vessels of the intestine were filled, the injection was stopped and the 
specimen was undisturbed for several hours so that the starch might 
harden. 

The specimen was removed in a manner similar to that described 
in the first method. It was then spread to its full extent on an aluminum 
tray with a film immediately beneath, the lumen of the bowel was 
filled with water, and plates were made for stereoscopic study. The 
specimen was inspected as in the first method, the results being checked 
by the roentgenograms. The advantage of this method over the first 
is that it presents far less technical difficulty. 

Embryology . — A brief review of the embryologic development of 
the colon will give a clearer idea of the condition found in the adult and 
enables better evaluation of reported anomalies of the blood supply, 

Are)',^'* Bade}" and Miller,^'' Broman,^” Dott,“' Cunningham, 
Huntington, Jordan, McMurrich,^® Mali,” Morris, =■* Frazer and 
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35. Bailey, F. R. : Textbook of Histology, ed. 7, New York, William Wood 
and Compan 5 ’, 1927. Bailey, F. R., and Miller, A. M. : Text-book of Embryology, 
ed. 4, New York, William Wood and Company, 1923. 
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Cavity, Philadelphia, Lea Bros. & Co., 1903. 
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Robbins/- Pernkopf,‘“ Hertzler/'* Prentiss and Arey/® and Piersol 
are in agreement regarding the principal changes that take place in the 
embr3'o]ogic development of the intestinal tract. 

In the stage of the primitive streak, an infolding of the entoderm 
and the splanchnic ]a3’cr of mesoderm begins. The edges of these two 
infolding sheets of tissue meet and fuse, forming a tube in the longi- 
tudinal axis of the embr3-o. This earl3'- intestine is attached through its 
entire length to the posterior wall of the embr3"0 b3’' the dorsal meso- 
gastrium and is connected ventralh^ at its midpoint to the 3mlk sac. 
At this stage it is customar3' to distinguish three parts of the intestinal 
tract: ( 1 ) the foregut, which has a ventral as well as a dorsal 
mesenter3’; ( 2 ) the midgut, from which develop the lower part of the 
duodenum, the remainder of small intestine and the ascending and 
transverse colon, and ( 3 ) the hindgut, from which the remainder of 
the intestinal tract develops. For this stud3', onl3' the midgut and 
hindgut need be considered. 

The midgut increases in length, producing an anterior bend and a 
lengthened dorsal mesentery. The first part of the hindgut grows 
cephalad and, if not pulled upward, is anchored by a retention band of 
mesench3-mal tissue which is described b3' Frazer and Robbins and by 
Dott, extending from the root of the superior mesenteric arter3r to the 
region of the splenic flexure. The upper part of the hindgut is then 
nearer the cephalic end of the embr3'o than is the first part of the mid- 
gut. The latter is depressed b3' the umbilical vein which is pulled down- 
ward across it b3’' the enlarging liver. With the first part of the midgut 
depressed and the distal end anchored, rapid growth takes place. Due 
either to lack of intra-abdominal space or to a pull from the diminish- 
ing 3mlk stalk, the midgut is extruded into the coelomic cavit3'’ through 
the large umbilical opening. This extrusion is referred to as the 
embr3'ologic or ph3'siologic umbilical hernia (fig. 1 ), and is first seen 
between the 4 and the 10 mm. stage of the embr3m. The midgut in the 
umbilical hernia lies outside the abdominal cavit3'^ proper and has no 
contact with other developing viscera. At approximate^ the 40 mm. 
stage of the embr3’o the intestines return to the abdominal cavity 
because of the pull exerted b3' the descending liver on the loops near 
the dorsal attachment, or because the change in pressure resulting 
from intra-abdominal enlargement sucks them back. After reentering 
the abdomen the intestines assume the general position seen at birth. 

42. Frazer, J. E., and Robbins, R. H. ; On tbe Factors Concerned in Causing’ 
Rotation of tbe Intestine in ^lan. J. Anat. 50:/5 fOct.) 191a. 

43. Pernkopf. Eduard: Die Entwicklung dcr Form des Magen-Darm-Kanales 
beim Mcnscbcn. Ztschr. f. d. ges. .Anat. S5:I. 1928. 

44. Hertzler, -A. E. ; The Peritoneum, St. Louis. C. -Mosby Company, 1919. 

45. Prentiss. C. tt'., and .Are.v, L. B. : -A Laboratory .Manual and Tc.vt-Book 
of Embryology, ed. 3. Philadelphia. tV. B. Saunders Company, 1922. 
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During the existence of the uinhiliciil lierniii notJible develojnnent in 
the blood vessels which sui^ply the bowel takes place. Huntington 
stated that the main branches of the superior mesenteric artery are 
present during this stage. Pernkopf. in a detailed stiuh', rej^orted that 
the first identifiable branch of the superior mesenteric artery is the 
ileocolic in an embryo of 16.7 mm.: in an IS mm. embryo the middle 
and left colic arteries arc present, and in a 33.5 mm. embryo the vessels 
are present and are used to identify the parts of the colon. 

The great omentum is in intimate relationship with the colon and 
its development deserves consideration. The embryologic development 
of the omentum as described by Arey, Hertzler, Huntington, Cunning- 



F'S- l-- — Embryologic hernia and rotation of the midgut. 


ham, Piersol and Lockwood ■*“ is constant. The omentum develops from 
the dorsal mesentery of the stomach as that organ undergoes rotation 
to the left, descends and assumes a somewhat horizontal position 
between the 5 to 17 mm. stages of the embryo. The omentum forms 
a clouble layered, anterior wall for the lesser peritoneal cavit}', and 
as it grows downward, it lies on the intestines as a flat bag with one 
lip attached to the greater curvature of the stomach and the other to 
the iiosterior abdominal wall. 

46. Lockwood. C. B.; Tlie Development of the Great Omentum and Trans- 
ver.^e Mesocolon. J. .-\nat. & Physiol. 18:257. 1SS3-18S4; On the Development of 
the .\rtencs of the .Abdomen and Their Relation to the Peritoneum Proc Pm- 
Soc. London 38:485, 1884-1885. ’ ’ 
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Main Arteries: In the “Basle Anatomical Nomenclature”"^ the 
arteries to the colon derived from the superior mesenteric artery are: 
ileocolic, right colic and middle colic, and from the inferior mesenteric, 
the left colic. Each of these arteries will he described separately. 

The ileocolic artery is generally described as the last artery given 
off on the right side of the superior mesenteric artery and as one of 
its two terminal branches. The terminal branches of the ileocolic artery 
are designated : ( 1 ) a colic branch which ascends along the wall of the 
colon; (2) an ileac branch which continues downward and then to the 
left along the terminal portion of the ileum to anastomose with the last 
intestinal arteiy and enclose the avascular ai'ea of Treves; (3) an 
anterior cecal artery which courses downward to the anterior surface of 
the cecum ; (4) a posterior cecal arter}’- which passes to the posterior sur- 
face of the cecum, and (5) the arter\" to the appendix. In the extensive 
work of Kelle}’^,®^ Deaver,^® and Jonescu and Juvara,®“ on the arteries 
of this region, not only are five main branches of the ileocolic artery 
described, but the irregularit}' of the origin of these vessels is 
emphasized. 

In ever}" specimen of this study the ileocolic artery coursed to the 
right toward the ileocecal valve. The general course of the artery varied 
slightly with the position of the ileocecal valve, which in turn is 
dependent on the descent of the cecum before and after birth. The 
artery subdivides at a distance from the ileocecal I'alve var}"ing from 
2.5 to 9 cm., but in the majority of specimens the distance is about 
6 cm. As a rule, the first branch to be given off by the ileocolic artery 
is the ascending colic (figs. 2 and 3), but one of the cecal branches 
may arise first (figs. 4 and 5). In some cases there are several ascend- 
ing colic branches (figs. 6 and 7). In specimens in which the ileocolic 
artery divided at a considerable distance from the ileocecal valve, 
anastomosis between the branches sometimes occurred (fig. 4). 

The artery to the appendix, although usually originating from the 
posterior cecal branch of the ileocolic artery, may be given off by one 
of the other branches, or may have an independent origin directly from 
the ileocolic artery. In one specimen the appendix is supplied by seven 
distinct branches from the posterior cecal and ileal arteries. 

53. Emmel, V. E. : The B N A Regional and Systematic Anatomy, Philadel- 
phia, Wistar Institute Press, 1927. 

54. Kelley, H. A.: The Vermiform Appendi.x and Its Diseases, Philadelphia, 

W. B. Saunders Company, 1905. 

55. Deaver, J. B. : Appendicitis, ed. 4, Philadelphia, P. Blakiston’s Son & Co., 
1913, p. 56 ; Surgical Anatomy of the Human Body, cd. 2, Philadelphia, P. Blaki- 
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In regard lo Ihc ileocolic artery, it may he conchuled : f I ) tlie 
existence of the artery is constant; 1.2) its course is toward the ’'‘-•oceca 
valve and varies slightly with the iiosition of the valve, and (.t) the 
terminal hranches of the artery vary in their origin. 

The right colic artery is descrihed as the second artery fiom the 
right side of the superior mesenteric artery. Its course is to the light, 
below the mesocolon to the region of the hepatic flexure of the colon. 
The right colic artery is the most inconstant of the colic arteries. Larly 



P'S- 2. — Posterior view of a specimen injected with opaque material showing: 
(1) the ascending colic artery as the first branch of the ileocolic artery; (2) the 
artery to the appendix from the ileocolic artery; (3) the absence of the right colic 
artery, and (4) failure of the marginal artery and anastomosis between the ileo- 
colic and middle colic arteries. 


anatomists, such as von Haller, failed to describe the right colic artery, 
and later H\Ttl and Henle refer to its presence by saying that two or 
three arteries to the colon come from the superior mesenteric arter 3 \ 
All modern anatomists and writers on surgical subjects describe the 
arterv but call attention to a variable origin, either from the ileocolic 
or middle colic arteries. The absence of the right colic arterv is given 
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an evolutionary back^rouiul In’ Waldcyer,"* n’lio stated that in primates 
it Avas seen only once and then as a feeble branch in a gorilla. Waldcyer 
stated his belief that the arter}' should be named only when it has an 
independent origin from the superior mesenteric artery, and he found 
the independent origin to occur in about 50 per cent of cases. This view 
is evidently held by Fetteroll, who reported the absence of the artery 
in several cases. Hartmann found this artery with an independent 



Fig. 3. — Posterior view of celluloid cast of a specimen showing: (1) the ascend- 
ing colic artery as the first branch of the ileocolic artery; (2) the origin of the 
right colic artery from the middle colic arterj’, and (3) the large ascending branch 
of the left colic artery with several branches to the marginal arterj'. 

origin only once in fifteen subjects, and Lardennois and Okinezye 
described the disposition of three colic arteries from the superior 

57. Waldeyer, H. W. G.: Die Kolon-Nischen, die Arteriae colicae und die 
Arterienfelder der Bauchhohle, nebst Bermerkungen zur Topographie des Duo- 
denum und Pankreas, Berlin, G. Reimer, 1900. 

58. Hartmann, Henri : Traveau.x de chirurgie anatomo-clinique, S. 3 Chiriirgie 
de I’intestin, p. 125, Paris, G. Steinheil, 1907. 

59. Lardennois, G., and Okinezye, J.: La veritable terminaison 
mesenterique superieure. Deductions pathologiques, Bull. Soc. anat. de Paris 
(Jan.) 1910. 
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mcscnlcric lU'lcrv :is cxccplioniil. Jutiiicson aiul in .1 scMios 

of move than ihirtv cases, fomul the rip;!il colic artery as a direct hranclt 
from the superior lueseiitoric artery in less than 50 per cent, as a branch 
of the ileocolic artery in about 30 ])er cent and as a branch of the 
middle colic artery in some others. 

A consideration of the existence of the right colic artery becomes 
academic when a particular origin is insisted on before naming the 
artery. If there is a vessel from the superior mesenteric, middle colic 



Specimen injected with opaque material showing: (1) the anterior 
ceca artery as the first branch of the ileocolic artery; (2) anastomosis between the 
ranc les of tlie ileocolic artery; (3) the origin of the right colic artery from the 

! eoco ic artery, and (4) slight anastomosis between the ileocolic and right colic 
arteries. 

01 ileocolic artery that approximates the course of the right colic artery, 
t\ uc 1 supplies the colon in the region of the hepatic flexure and anas- 

omoses with the adjacent colic arteries, a right colic artery may be 
said to exist. 

In the specimens studied the variations of the right colic artery were 
mar -ec . Tlie artery originated from the superior mesenteric in 40 
per cent 0 the cases (figs. 4 and 7). from the middle colic in 30 per 

SuS'sO:™o?r(D;co'’l%9. Colon. Ann. 
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cent of tile eases (fig. .3), from the ileocolic in 12 per cent (fig. 6), 
whereas in IS per cent lliere was no artery that corresponded in course 
or distrilmtion to the ri_i;ht colic artery (fig. 2). Sometimes the right 
colic artery was small, and in these cases the deficiency was compen- 
sated for Iw large middle colic and ileocolic vessels. It may be con- 
cluded that the right colic artery is extremely variable in presence, 
origin and size. 

The middle colic artcrv is described as the first arten- coining from 
the right side of the superior mesenteric artery. It runs to the right 



Fig. 5. — Posterior view of celluloid cast of a specimen showing: (1) the anterior 
cecal branch (broken) as the first branch of the ileocolic artery, and (2) d’® 
absence of the middle and right colic arteries, replaced by the left colic artery. 

between the layers of the mesocolon, then divides, its branches supply 
ing the transverse colon and anastomosing with the right and left co ic 
arteries. Some remarkable variations of the middle colic artery have 
been reported. Sappey stated that the middle colic artery is oft 
absent. Henle described branches of the superior and inferior mesen- 
teric arteries replacing the middle colic, and it is HyrtI s belief that 

61. Sappe 3 ', M. P. C. : Traite d’anatomie descriptive; avec figures intercalees 
dans le text, ed. 3, Pari.s, V. A. Delahaye et Cie, 1876, vol. 2, p. 556. 
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may be rejilaced by oniental branebos. llenlc reported a case of two 
middle colic arteries, and \\';ddeyer described an accessory middle colic 
artery occasionally arisinij before tbe middle colic artery and coursini; 
to the left. Moyniban'’'- occasionally found an acet-ssory middle colic 
artery nmniiye; directly toward tbe midrlle of tbe transverse colon, and 
•Jamieson and Dobson noted its occasional occurrence. 

In this study, the variations of tlie middle colic artery were con- 
firmed. Tbe point of bifurcation of tbe artery was from .1 to 1 1 cm. 
from the wall of tbe colon, but usually it divided between .5 and 7 cm. 



cecal arter injected with opaque mixture showing: (1) the anterior 

branches fro^^ i ^ branch of the ileocolic artery ; (2) multiple ascending colic 
the ileocolic "arte ^ interior cecal branch, and (3) the origin of the right colic from 


between tl ^be artery and its branches, the greater the distance 

cases the art bifurcation and the wall of the colon. In all 

of onebrai^f^^ began its course to the right, and usually only a part 
there were V loft of the median line of the body. Usuall}' 

furcation of'ti° of the middle colic artery (fig. 7), but tri- 

^ ^ te arterj' was not unusual (fig. 8) and as man)’' as four 

Surgery of the crkeley . fhe Cavendish Lecture, Being Remarks on the 
Large Intest.ne, Lancet 2:1 (July 5) 1913. 
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l)nuiclics were .sometime.'^ fotiiui (fi.if. 9). In 27 jjer cent of the speci- 
mens .'I larp'c hranch of the middle colic artery ran toward the splenic 
flexure and reinforced the marj(inal artery near that ])oint (figs. 9 and 
10). In 10 ])er cent of the .specimen.s an accessory middle colic artery 
was found arising from the superior mesenteric artery above the origin 
of the middle colic artery, running to the left in the mesocolon and 
anastomosing with the marginal artery near the splenic flexure (fig. 11). 
In two specimens (5 jier cent of the scries) the middle colic artery was 
entirely absent and was replaced by a large hranch froni the left colic 
artery (fig. 5). 



Fig. 7. — Posterior view of a celluloid cast of a specimen showing: (1) die 
origin of the right colic from the superior mesenteric artery; (2) the middle colic 
artery dividing into two large branches, and (3) the left colic artery passing 
above the splenic flexure to the transverse colon. 

It may be concluded that the middle colic artery does not occur 
constantly, that it varies in the number of branches, and through large 
branches, or by accessory middle colic arteries it supplies the left side 
of the transverse colon and splenic flexure in 37 per cent of the cases. 

The left colic artery is described as the first branch of the inferior 
mesenteric artery. It passes transverse!}- to the left and divides into 
an ascending branch and a descending branch which supply the descend- 
ing colon and anastomose respectively with the left branch of the middle 
colic artery and the first sigmoid artery. There is some confusion among 
the older anatomists concerning the names applied to the left colic artery. 
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As late as 1844, Cruvcilhier referred to two or three left colic aitciies, 
and Sappey. in naming the left colic artery, preferred to call all other 
branches of the inferior mesenteric artery, hemorrhoidal branches. Ihis 
confusion was probably a result of designating the sigmoid as part of 
the descending colon, and the variation in the number of sigmoid arteiies. 

In this study the left colic artery was present in every specimen. 4 he 
distance of the point of bifurcation from the wall of the colon vaiicd 
from 3 to 10 cm. The course of the artery and its branches was 
extremely variable: In 27 per cent of the cases the ascending branch 








Fig. 8. — Celluloid cast of a specimen showing: (1) trifurcation of the middle 
colic artery and (2) anastomosis between the left and middle colic arteries effected 
by a slender branch. 


did not extend to the splenic flexure (figs. 9 and 10), and in 63 per 
cent it passed above the flexure and supplemented the marginal artery 
in the region of the left transverse colon (figs. 7 and 8). In this last 
type of case the ascending branch was larger than the descending one 
and frequently bad several branches connecting it with the marginal 
artery which lay close to the bowel (fig. 3). In these cases the ascend- 
ing branch of the left colic artery served as a large and more distallv 
situated second marginal artery. One specimen in which the meso- 
colon was •AI” shaped had a large secondary anastomosing loop 
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between the left and middle colic arteries and a smaller anastomosis 
between the left colic and superior mesenteric arteries (fii;. 12). Both 
of these loops Avere short and sntnred dose to the base of the mesentery 
of the small intestine. The entire blood snpidy of the specimen was 
distorted by the deficiency in the mesocolon, although embryonic rota- 
tion appeared to have been normal. 

It may be concluded that there is marked variation in the size, 
course and distribution of the branches of the left colic artery, and that 



Fig. 11. Posterior view of a celluloid cast of a specimen including injection of 
arteries of the omentum showing: (1) the accessory middle colic artery and (2) 
the left colic artery coursing to the descending colon below the splenic flexure. 

in most cases the ascending branch extends above the splenic flexure to 
the transverse colon. 

Marginal Arlenes: The first comprehensive description of the 
blood supply of the colon by von Haller drew attention to the anasto- 
mosis ot the adjacent colic arteries near the wall of the Ijotvel. Since 
t on Haller s description, anatomists have acclaimed the significance of 
the anastomosis along the wall of the colon as the only connection 



862 


ARCmiliS OP SURGPRY 


Irjfwc'cii (lie superior and inferior mesenteric arteries. If the anas- 
tomosiipit loo])s are considered as an entity, the main colic branches ina}’ 
he considered simply as the source of snjiply for this artery. 

Althons^h the e.xistence of the arterial arcade alomr the colon has 

■ O 

lonjj been recognized. de.scriptions by anatomists have been meager. 
This neglect may be due to the variations of the arcades. Von Haller 
stated that the arches are fewer and less often subdivided than in the 
small intestine, and that the trunks of the arches follow the course of 
the bowel. Cruveilhier described the structure as large arterial arches 
with their convexity near the bowel. Henle. Quain and Piersol only 
stated that the anastomosing branches run near the bowel. Gra\' placed 



Fig. 12. — Posterior view of a celluloid cast of a specimen with “M” shaped 
transverse mesocolon showing secondarj' anastomosis between the left and middle 
colic arteries : a, small connecting branch between the left colic and superior 
mesenteric arteries. 

the artery two fingerbreadths from the transverse colon. HyrtI called 
attention to secondary and even tertiary arches in the angles of the 
flexures, and Jamieson and Dobson stated that secondary and tertiary 
arches are not common. 

Okinczyc“® described multiple arcades at the angles of the colon 
and stated that they are more common at the splenic than at the hepatic 
flexure. 

The continuity of the anastomosing arcades is not accepted unejues- 
tioningl}'. Okinezye stated that the anastomosis between the arteries 

63. Okinezye, J. : Anatomine chirurgical des colons, in Hartmann. Henri.'« 
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to the right and transverse portions of the colon is often slendci . 
Merkel wrote that the anastomosis between the middle and left colic 
arteries may fail, and Cunningham, in considering the failure, called 
attention to the fact that in ruminants and some rodents there is no 
anastomosis between the mesenteric arteries. Among writers on sur- 
gical subjects, Lockhart-Mummery mentioned occasional failure of 
anastomosis of the left and middle colic arteries. 

With the growth of surgery, the significance of the anastomosis of 
the colic arteries has become more apparent. Litten,'""’ in 1875, found 
that the anastomosis with the inferior mesenteric artery was not suffi- 
cient to prevent gangrene of the colon of dogs if the superior mesenteric 
artery was ligated. Morestin,"" in 1893 (quoted by Archibald), 
reported that the inferior mesenteric artery in dogs might be ligated 
and circulation of the lower part of the bowel maintained. Archibald, 
in 1908, substantiated the experiments of Morestin and also found 
that material injected into the superior mesenteric artery of cadavers 
would progress to the hemorrhoidal arteries when all branches of the 
inferior mesenteric artery were ligated some distance from the wall 
of the colon. Sudeck,"® in 1907, studying the blood supply of the 
lower part of the colon by injection and roentgenologic examination, 
and Rubesch,"” in 1910, writing on gangrene of the rectum after 
operations, drew attention to the importance of the artery running 
trear the wall of the bowel. Drummond,'® in 1913, presented evidence 
of the importance of the anastomosis of the colic arteries. In several 
postmortem investigations he tied all the main arteries of the colon and 
sigmoid near their origins, and found that the sigmoid vessels could 
be filled with material Injected into the ileocolic artery. Drummond 
first used the term “marginal artery” in referring to the anastomosing 
arches along the wall of the colon. Rothschild recently concluded, 
from animal experimentation, that severance of the mesentery of the 

64. Lockhart-Mummery, Percy; Diseases of the Rectum and Colon and Their 
Surgical Treatment, London, Bailliere, Tindall & Co.x, 1923. 
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67. .\rchibald. Edward; Operative Treatment of Cancer of the Rectum T A 

M. A. 50:573 (Feb. 22) 1908. ’ ' 

68. Sudeck. P.; Ueber die Gefassversorgung des Itlastdarmes in Hinsicht auf 
die operative Gangriiu. Munchen. med. tVchnschr. 2:1314 (July 2) 1907. 

69. Rubcsch, R.; Ueher die Vermcidung der Darmgangran bei Rectumopera- 
tioueu, Bcitr. z. klin. Cbir. 67:480, 1910. 
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hiiwi'I wliicli pi-i'iiiit.’' the ni<'trji,'in;il artcrv to !)c left intact doea 
luU iiilei lere with the viability ol the howel. At jireseiit, in spite of 
the u'poiteil failures oi auastoinosis hi-tween the colic arteries and the 
protests ol I )esniarest," aiul J.'iiiiieson and Dohson, surgeons success- 
fully ligate individual colic arteries as the rrccasion rlenrands and rely 
on vascul.arizatiou throueth the inaryinal arterv. 

Study of the uiari^dnal artery in the injected specimens emphasized 
its value as a source ot hlood su|)])ly to the colon. The marginal artery 
was ermtinuous from the ascending colon to the sigmoid in all but 5 
per cent, aiicl in these there was failure of anastomosis between the 
ileocolic and the right cajlic arteries (fig. 2). In several other speci- 
mens this anastcniKJsis was slight (fig. 4); however, this appeared to 
be evidence of proluse supjdy to the jiart rather than of avascularity, 
as there were large, iudejrendent branches of the cecum and ascending 
colon. 


In all of the specimens there was union of the left colic and middle 
colic arteries. 7'his fact deserves particular emphasis because of the 
prevalent, hazy statements to the contrary. One of us (Dr. Rankin'®) 
incorrectly wrote that the anastomosis occasionally fails to exist and 
this opportunity is taken to correct the statement. In more than a 
hundred specimens in ndiich this particular area was e.xamined there 
was no failure of anastomosis of the middle and left colic arteries. The 
only specimen which suggested this possibility was one (fig. 8) in which 
the left and middle colic arteries were large, and the anastomosis was 
affected b}’' an unusually slender branch, which maj’^ have been the 
result of an artefact in the preparation or injection of the specimen. 

The distance of the marginal artery from the wall of the colon is 
inconstant. A general estimate should not be made as the distance 
varies in each specimen, and in the dift'erent parts of the same specimen, 
from a fraction of 1 to 8 cm. As a rule, the artery is farthest from the 
wall at the points of bifurcation of the main arteries; the larger the 
marginal artery at a particular point, the more distant it is likely to 
be from the bowel. Usually the marginal artery is nearer the left 
half of the transA'’erse and the descending portion of the colon than 
the right half of the colon. 

The secondary arcades are also inconstant. They are most common 
at the points of bifurcation of the main arteries or their subdiAUsions, 
hut there is no regularity in their presence. Tertiary loops are occa- 
sionally found, but ncA^er in the number or frequency suggested by 

72. Desmarest, E. : Technique de la resection de Tangle gauche du colon pour 
cancer, J. de chir. 14:575, 1917-1918. 

73. Rankin, F. W. : Surgery of the Colon, New York, D. Appleton and Com- 
pany, 1926. 
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Sharpe/' who described a dichotomous dislril)Utiou of the arteries of 
the colon. Secondary loops give a more flexible Iflood supply to a colon, 
but their existence is not constant enough so that tlie singcon m<i\ 
safely place any degree of reliance on them. 

It ma}' be concluded that a marginal artery occurs finite constantU , 
failing only in rare cases along the ascending colon in the presence of 
a profuse supply from direct branches ; that it rvms at varying distances 
from the wall of the colon, and that it may have secondary loops in 
different positions in its course. 

Terminal-. The terminal vessels of the colon have not been fully 
described. Yon Haller gave one of the earliest and best descriptions : 

“ . . , the branches on the intestines less arbuscnlar (than in the 

small intestine), divided at less angles and more tortuous; and the 
reticulation in the cellular substance is lower.” Henle simply stated 
that the arches give direct branches to the colon without further anas- 
tomosis and the branches run in the haustra. Sobotta stated that a 
number of the branches irregularly anastomose before they enter the 
wall of the colon. Piersol described irregular twigs passing to the 
colon, and Gray and Cunningham stated that branches are distributed 
to the colon by the loops formed by the branches of the colic arteries. 

The terminal arteries of the colon are not described by histologists. 
Bailey, Bbhm,‘° Jordan, and Lewis and Stohr '''' described the vessels 
after they enter the intestinal wall but did not mention their course 
proximal to that point. 

The terminal arteries of the colon have been most thoroughly 
described by surgeons. Drummond,'' writing on diverticula of the 
colon, Meillere on the epiploic appendages, and Fischer,"'' looking 
for cause of gangrene in operating on the colon, fully described the 
course of these arteries. Eisberg called attention to the difference in 


74. Sharpe, N. W. ; The Arcuate Distribution of Arteria Mesenterica Superior 
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position of the vasa recti as they ])icrce the wall of the small intestine 
and of those that pierce the wall of the colon. 

I he hranches of the terminal arteries usually originate independently 
fiom the nic'irginc'd artery and j^roceed directly to the colon, but occa- 
sionally two hranches may have a common origin. Anastomosis 
hetween terminal hranches before they reach the colon is rare. Ter- 
minal arteries are most numerous in the cecum and ascending colon. 

1 he size of the terminal arteries in the transverse and descending 
colon is slightly smaller, and the number of vessels per centimeter is less 
than in the ascending portion. The branches vary slightly with the 
size of the subject, but there is no difFerence in the size of the arteries 
in the dilated and the contracted portions of the colon in the same 
specimen. 



The SHORT BRANCHES togeiher with the LONG BRANCHES conpnse the colon’s COMPLETE BLOOD SUPPLY 

Fig. 13. — Diagram of the terminal arteries of the colon ; a, long branches ; 
b, short branches, and c, complete supply by both long and short branches. 


The terminal arteries to the colon are of two types : long and short 
branches, a combination of the two types affecting the complete supply 
to the wall (fig. 13). The long branches divide near the mesocolic 
taenia, one branch courses in the haustra on the anterior aspect, and 
the other on the posterior aspect of the wall of the colon. In this 
part of their course the arteries lie in the serosa and give otf short 
branches to the mesocolic portion of the colon, small twigs to the serosa 
and peritoneum and arteries to the epiploic appendages. 

Near the amesocolic or distal longitudinal bands the long branches 
divide and pass deeply beneath the longitudinal muscle and through 
the circular muscle to the submucosa. In this position they continue 
their course, sending small branches upward to the muscle and peri- 
toneal covering. In the submucosa anastomosis is established with the 
short branches and a relatively scanty anastomosis with the long branch 
from the opposite side of the colon (fig. 14). 
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The short branches of the tenninal arteries to tlie colon may 
originate from the marginal artery, hvtt the majority are given ofl by 
the long branches. The short arteries are smaller and about four or 
hve times as numerous as the long bratiches. The first short branches 
to arise pierce the mcsocolic longitudinal band, giving twigs to seiosa 
and muscle in passing, and go directly to the submucosa. The other 
short branches lie loosely in the serosa where they appear tortuous 
and anastomose through fine serosal twigs. T be Iiranches then jiass 
through the circular muscle to the submucosal plexus at various points. 
The large number of short branches gives the mesocolic arteries of 
the colon a preponderance of the blood supply. Ihe general course 



Fig. 14. — ^Dissection oi a long terminal artery to the colon showing; (1) ves- 
sels to the serosa and epiploic appendage; (2) the long artery coursing through 
the circular muscle and beneath the amesocolic longitudinal band to divide in the 
submucosa, and (3) the submucosal anastomosis with the vessels from the opposite 
side of the colon. 


of the terminal arteries to the colon is perpendicular to the axis of the 
bowel with little lateral anastomosis. This arrangement is obvious in 
roentgenograms of a segment of colon injected with opaque material. 
^^'hen an injected segment of colon is compared with a segment of 
injected jejunum from the same case, more acute angulation and pro- 
fuse lateral anastomosis of the arteries in the wall of the small bowel 
arc seen. 

Regarding the terminal arteries of the colon, it maj’- be concluded 
that; (1) they are of two types, long branches which supply the ameso- 
colic or distal third of the colon, and short branches which supply the 
mesocolic or proximal two thirds of the colon; (2) the mesocolic taenia 
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portion of the colon has most of the blood supply; (3) the course of 
the terminal arteries is in general perpendicular to the axis of the 
bowel, and (4) there is little anastomosis between the terminal vessels 
except in the submucosa. 

Arterial Pattern . — The blood supply of the colon, composed of the 
main colic arteries and the marginal arter\% should now be considered. 
An interesting variet}' of patterns was found in the specimens, no two 
of which were alike. The arteries and their branches varied in size and 
distribution. They were usuall}’’ unequal and supplied lengths of the 
colon corresponding to their size. When one artery was large, the 
adjacent arteries were likely to be smaller than normal. Because of 
branches from the middle colic artery passing to the left, the existence 
of an accessory middle colic artery in 10 per cent of cases and the 
frequency with which the left colic artery passes above the splenic 
flexure, the long single arcade customarily described as the anastomosis 
between the middle colic and left colic arteries is usually reduced in 
length. 

A substantiation of the varying distribution of the colic arteries is 
supplied by postmortem observations in cases of thrombosis of the 
mesenteric vessels. Trotter reviewed two cases of complete occlusion 
of the inferior mesenteric artery, in both of which the entire descend- 
ing colon was involved. Contrasted with these two cases was one 
reported by Parker in which there was complete occlusion of the 
inferior mesenteric artery with gangrene beginning in the lower half 
of the descending colon. Similarly, the extent of intestinal involve- 
ment varied in complete thrombosis of the superior mesenteric artery. 
Trenel and Cenac reported involvement of the entire colon in com- 
plete thrombosis of the superior mesenteric arteiy, and Frank 
observed that exploration in such cases may rer'^eal the entire large 
intestine to be gangrenous. Compared with these observations is a 
recent case at the Ma)m Clinic in which there was complete occlusion 
of the superior mesenteric ai'ter}'- and a sharp line of demarcation at 
the hepatic flexure with viable intestine beyond this point. The only 
conclusion possible from a review of these cases is that the arteries 
supplied varying lengths of colon. 

81. Trotter, L. B. C : Embolism and Thrombosis of the Mesenteric Vessels, 
New York, Cambridge University Press, 1913. 

82. Parker, C. B. : Mesenteric Thrombosis with Report of Two Cases, Canad. 

M. A. J. 12:655 (Sept.) 1922. 

83. Trenel and Cenac: Thrombose de I’artere mesenterique superieure, Bull, et 
mem. Soc. anat. de Paris 92:406 (Nov.) 1922. 

84. Frank, Louis ; Mesenteric Vascular Occlusion : Report of Three Cases in 
Children, Am. J. Surg. 27:304 (Dec.) 1923. 

85. Steward, J. A. : Unpublished data. 
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AXASTOIIOSIS OK AUTKUIES liETWI-KX THE OMENTUAE ANH COI.nX 

Von Haller described the onienta! as well as llie intcrcoslal. hiEiibar 
and spermaUc arteries as funrisbing small arteries to the colon. A 
century later Hyrll emphasized the idea of anastomosis between the 
vessels of the colon and omentum when he found that mirtcrial injected 
into the gastro-cpiploic arteries filled the middle colic artery. He con- 
cluded that the anastomosis of the omental arteries with those of the 
colon might replace an absent middle colic artery. Later, Cruveilhicr, 
Gray. Cunningham and Piersol stated that the transverse colon receives 
its lilood supply from the omental arteries. 

Surgeons have not verified the anastomosis between the arteries of 
the omentum and those of the colon. Lardennois and Okinezye ““ stated 
that twigs do not exist which merit a ligature when the omentum is 
separated from the colon, and W. J. Mayo ““ found that only one artery 
near the splenic flexure need be tied in sejiarating the two structures. 
Lardennois pointed out that all important vessels of the omentum 
run on the anterior layer. 

It has been shown that in the embryonic state the vessels of the 
colon have been formed before the omentum fuses to the transverse 
colon. Because of this fact and the discrepancy between surgical and 
anatomic observations, particular effort was made in this study to deter- 
mine the amount of anastomosis between the vessels of the omentum 
and the coloir. The omentum was left attached to the colon in all 
injected specimens. In two speciinens used for injection of celluloid 
the gastro-epiploic arteries were carefully prepared and injected with 
a different colored celluloid solution for several hours before the 
superior mesenteric artery was injected. 

The specimens we injected for roentgenologic study disclosed only 
occasional small branches in the attached omentum, although other 
arteries of very small caliber were well injected. In the series of 
injections of celluloid the omental arteries did not fill, and twigs longer 
than those to the peritoneum were not seen. In the two specimens in 
which the gastro-epiploic arteries were injected, two small branches 
were seen connecting the transverse colon with the omentum. The 
anterior arteries of the omentum became very small near the free 
edge, and although anastomosis between the small posterior arteries of 
the omentum and the terminal arteries to the colon is established, the 
connecting vessels were found to be peritoneal twigs from the lono- 
branches of the terminal arteries (fig. 11). 


P6. Ma.vo. \V. J.: Radical Opcration.s for tlic Cure of Cancer of 
Half of Uic Large Intestine. Not Including the Rectum T A VE 
(Oct. 2S) 1916. ..... . 1 . 

S/. Lardennois. G.; Colcctomic tolale ct colcctomie sous-caecale 
cpcr.atoire, J. dc cliir. 12:701, 191d. 
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It may be coiicUuIcd tliat the anastomosis between the arteries of the 
omentum and llie transverse colon is normally through a few branches 
from the terminal arteries of the colon, and that the anastomosing 
branches are about eriual in si/.e to large peritoneal twigs. 

J' cuts . — As a corollary of the arterial circulation, it would be well 
at this point to describe the venous return of the blood from the colon. 
I'.arly in our study special attention was given to veins of the colon, 
and a celluloid cast was made of both the arteries and veins, red and 
blue coloring material, respectively, being used in the two systems. 
Unfortunately, the large veins were difficult to fill and were broken in 
the atteinjit to jihotograph the resulting specimen. 

It may be stated in general that the veins of the colon follow 
directly the course of the corresponding arteries. The left colic vein 
is an exception to this and will be considered later. The small veins 
from the wall of the colon to the marginal vein are of two t3'pes, the 
short and the long, as in the case of the arteries. Their general 
course is the same as that of the arteries, but there are always at least 
two veins for each artery. Whether this is a result of a physiologic 
demand due to absorption of liquid in the colon, or to the fact that the 
thin-walled veins are easily compressed by peristaltic movements of 
the colon so that more are needed, is a matter of conjecture. 

The marginal vein of the colon follows closely the marginal artery 
in its formation and distribution, lying as a rule posterior and slightly 
mesial to the artery. From the marginal vein the subdivisions and 
principal branches parallel the course of the arteries, which form the 
general pattern, and empt}' into the superior mesenteric vein. 

The left colic A'^ein is a distinct exception to this orderly' return of 
the colic veins along the arterial courses. It is formed by branches 
corresponding to the divisions of the left colic artery and unites with 
the inferior mesenteric vein. This union is lateral to the point of 
division of the arteries and the vein takes an upward course for several 
centimeters before curving inesially above the jejunoduodenal juncture 
to empty into the superior mesenteric vein. The termination of the 
inferior mesenteric r^ein is said to be often into the splenic vein ; how- 
ever, the opening is so close to the superior mesenteric vein that for 
all practical purposes this may be considered its termination. 

Summary . — In studAung the blood supply of the colon Ave removed 
the entire colon Avith its A^essels and peritoneal attachments. The 
arteries of the specimens Avere injected Avith celluloid mixture and cor- 
roded, or Avith an opaque material and roentgenograms made. Ihe 
A’^essels of forty such specimens Avere observed. The inferior and 
superior mesenteric arteries Avere ahA^ays present and do not appear 
to anastomose Avith arteries of other A'iscera. The colic arteries Aar) 
in course, branching and distribution. The marginal artery is constantly 
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present, but runs at varying distances from the wall of the colon. 1 he 
terminal arteries of the colon pursue a course dillerent from those of 
the small intestine, are of two types, have little lateral anastomosis and 
furnish the mesocolic taenia portion of the colon more profusely than 
the distal part. There is only slight peritoneal anastomosis between 
the omentum and the transverse colon. 


THK SIGMOID 


Continuing downward, the descending colon becomes the sigmoid 
or pelvic colon. The exact point of transition is dilTerently stated, 
either opposite the crest of the ilium or at the upper border of the 
psoas muscle. The structure of the bowel does not vary from that of 
the descending colon, although the diameter maj' be greater or smaller. 
This part of the large bowel is usually attached by a mobile mesentery 
or mesosigmoid to the posterior wall. Treves found that the length 
of the sigmoid varies from 15 to 71 cm., averaging 43 cm., and that 
the mesosigmoid is 7 cm. in length at the base and is from 10 to 20 
cm. in width. 

The arteries to the sigmoid usually arise from the lateral aspect 
of the inferior mesenteric artery and spread fanlike in the mesosigmoid 
toward the bowel (fig. 15), supplying not only the sigmoid, but in cases 
in which the left colic artery is small or has a high course, the lower 
part of the descending colon as well. The number of sigmoid arteries 
varies ; Rubesch stated that there may be from one to nine and Pope 
and Judd, one to four. Drummond**’^ found that the first sigmoid 
artei'}’ was given off ijy the left colic artery in more than 50 per cent 
of twenty cases studied, and it is not unusual to find all of the sigmoid 
branches arising from this vessel. The arteries divide and may undergo 
several subsequent subdivisions before reaching the marginal artery. 
The arterial branches anastomose with those in their vicinit)^ to form 
a network in the mesosigmoid, ramifying the marginal artery. Pope 
and Judd called attention to these variations of arterial pattern in the 
mesosigmoid. There may be as many as four arcades in the arterial 
pattern of the sigmoid, and the number of vascular arches is apparently 
independent of the length and mobility of the mesosigmoid. The 
marginal artery, which is continuous with that of the descending colon, 
may lie from a fraction of a centimeter to several centimeters from the 
sigmoid wall. The distance of the marginal artery from the wall, as 
in the case of the colon, has no relation to the length of the mesosigmoid. 

From the marginal artery of the sigmoid the terminal arteries are 
sent to the wall of the howel. These are similar in kind (long and 


(nt Drummond. Hamilton: 
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said: “This hath its Ijcginning at the lirsl vertebra of the os sacrum. 
Treves, in 1885, located the Ijcginning of the rectum opposite Ute third 
sacral vertebrae and assigned the upper portion to the pelvic colon. 
Jonnesco,®® in 1SS9, confirmed Treves’ observations, and .since then 
anatomists for the sake of exactness have adopted the thiid sacial 
vertebra as a convenient landmark for defining the uppci end of the 
rectum. In texts on surgery of the rectum writers are in the habit of 
quoting different figures as to the length of the rectum. Teomansc’^ aitd 
also Edwards,®- stated that the rectum is from 12 to 15 cm, in length; 
Pennington®^ gives the length of from 13 to 16 cm.; Cripps®' from 
15 to 20 cm., and Tuttle®-' from 9 to 15 cm. The length is greater in 
males than in females, greater in the aged than in the j'oung. and it 
may be increased at airy time by distention. Other methods of deter- 
mining the upper limit of the rectum are also inexact. Gant ®® uses the 
third, or O’Beirne’s sphincter, to define the juncture of the rectum and 
sigmoid, but Symington ®' doubted the existence of such a structure, 
and Hyrtl,®® although believing in the sphincter physiologically, was 
often unable to demonstrate it in carefully executed dissections. Again, 
attempts have been made to determine the upper limit of the rectum 
by means of Houston’s valves. Jones,®® as well as Patterson,^®® advo- 
cated the use of the third valve of Houston, or the superior rectal fold, 
as the upper limit of the rectum. These folds are admittedly variable 
in form and position and are of no A’alue as landmarks except ivhen 
seen through a proctoscope. 
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Not only is it difficiill to establish the up])er limit of the rectum, but 
also that of the sigmoid, which varies in its jiosition. The stud}' by 
Bonrcart of the sigmoid of children gives a developmental back- 
ground for the var}’ing positions noted by practically nil anatomists. 
I reves called attention to the frefjuency of morbid contractions and 
adhesions of the mesosigmoid. and Sajijicy warned observers that the 
direction of the sigmoid ])resents m.nny variations. Buie called atten- 
tion to the frequency with which the opening into the sigmoid is seen 
through the proctoscope to he on the right rather than the left side. 
From a review of the anatomic peculiarities of the region, we concluded 
that the point at which the sigmoid joins the rectum may varj- appre- 
ciably in length. 

Below the level of the left common iliac artery, the inferior mesen- 
teric artery, lying in the base of the mesosigmoid. becomes the superior 
hemorrhoidal artery. The artery proceeds toward the median line and 
downward to its jjoint of bifurcation. The point of bifurcation is 
generally said to be at the third sacral vertebra and is one of the criteria 
used to determine the upper end of the rectum. However, the point 
of bifurcation is in some dispute. Cripps found that the artery divides 
from 10 to 11 cm. above the anus, whereas Rubesch gives the point of 
division at from 17 to 20 cm. from the anus. Lockhart-Mummery’s 
observation that the point of division of the superior hemorrhoidal 
artery varies considerably, as a rule at the upper end of the rectum, 
but that it is not rare to find a low bifurcation, seems most logical. 

The branches of the superior hemorrhoidal artery in its short course 
from its beginning at the level of the left common iliac artery to its 
bifurcation have been extensively studied. In the ordinary case the 
branches generally consist of a vessel which sends a branch upward 
along the pelvic sigmoid to anastomose with the last sigmoid artery 
and several (from two to four) branches which run downward more 
or less parallel with the bowel. 

Because of the mechanical difficulties encountered in this region and 
the frequent occurrence of gangrene following surgical procedures, the 
anastomosing artery from the superior hemorrhoidal to the sigmoid 
has commanded considerable attention. Numerous studies of the vessel 
have been made by injection. Sudeck, in 1907, was the first to empha- 
size the anastomotic value of the vessel. He found that the vessels 
of the rectum became filled with injected material from the inferior 
mesenteric artery by traversing the marginal artery when a ligature 
was placed on the superior hemorrhoidal artery above the origin of the 

101. Bourcart, quoted by Tobias, Milton: Sigmoid Flexure in Constipation in 
Children; Preliminary Report, Am. J. Surg. 13:301 (Aug.) 1931. 

102. Buie, L. A.; Proctoscopic E.xamination and the Treatment of Hemor- 
rhoids and Anal Pruritus, Philadelphia, W. B. Saunders Companj', 1931, p. 45. 
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lust branch to the sigmoid. ] f tlic ligature were placed below the origin 
of the artery, few if any of the rectal ve.s.sel.s were injected. Sndeclc 
therefore established the origin of the last sigmoid artery as the critical 
point for maintaining the blood supply to the rectum in cases in which 
it was necessary to ligate the superior hemorrhoidal artery to obtain 
inobilitv. This experiment was substantiated by Hai tmann * two years 
later. 'However. Rubesch. in 1910, studying this region by the same 
method, called attention to the fact that the last sigmoid artery, which 
be calls the sigmoidea iina, may be given off below the bifurcation of 
the superior hemorrhoidal artery, and that the so-called critical point 
is not exactly situated but may be encountered within a range of from 
13 to 20 cm' from the anus. Manasse’"^' emphasized the feebleness of 
the border vessel in the lower portion of the sigmoid and stated that 
the last sigmoid artery does not participate in it to a great extent. 
Drummond, in 1914, studied by injection and roentgenograms the 
inferior mesenteric artery of twenty specimens. The results of this 
work are convincing. In eight of the cases the last sigmoid artery and 
its proximal anastomosis were very small, and in two cases the artery 
was not even present. The examples of carefully injected specimens 
in the articles of Pope and Buie,’®“ and Pope and Judd confirm the 
variation in position and number of vessels in this region. 

Thus, a review of the anatomy of the region of the rectosigmoid 
forces on us a realization of its variability, both in the bowel itself and 
in its attendant supply of blood. W. J. Mayo,’®” in an anatomic con- 
sideration of this region, showed that in SO per cent of a series of 
specimens examined, there was distinct narrowing and longitudinal 
mucosal folds in the terminal part of the sigmoid. This he termed the 
rectosigmoid. A relationship of the length of this narrowed jjortion of 
the bowel and the distribution of the arteries to it, seems probable, 
but has not been demonstrated. 

The vessels of this region have been studied by methods of injec- 
tion. Because of extensive experience in this type of work, we deem 
it advisable to place certain limitations on the results of the method. 
Jamieson and Dobson have expressed similar views. As a means of 
studying the course, the relationship and anastomosis of vessels and of 
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piosci\iiiy a perniaiieiU record of (he spcciinen, the various methods 
of iiijecliii!^ the arteries are satisfactory. However, it is impossible as 
well as danj^erous to draw conclusions regarding tlie vascular potenti- 
alities of these same vessels during life. The methods have manv 
variable factors. Ihc postmortem contraction of smooth muscle is 
neither understood nor governable: the extent of the postmortem 
clotting and the degree of thoroughness with which the vessels are 
cleansed by different investigators will alter the results, and finally the 
type of material used for injection and the amount of pressure main- 
tained within the system will alter the extent and valuable qualities of 
the anastomosis jn-esent. It is obvious that although injection of a 
mesenteric artery will fill the branches of the entire intestinal tract, the 
suggestion made by one observer that circulation could be maintained by 
the inferior mesenteric artery after ligation of the superior mesenteric 
arteiy is not warranted. Similarly, the evidence of extensive pelvic 
anastomosis through small vessels after the injection of the inferior 
mesenteric arter\- with mercurv does not mean that a rectal stump would 
be preserved from gangrene after ligation of the superior hemorrhoidal 
artery, as claimed by another observer. 

In any deductions from specimens in which the arteries have been 
injected, it must be I'emembered that we are drawing conclusions from 
arteries which have been completely relaxed and stretched by constant 
internal pressure usually greatly in excess of normal blood pressure. 
Thus a sclerosed vessel may be distended until its channel is much 
larger than normal, the exact reverse of the condition during life. Since 
man}" patients who are operated on for disease of the colon and rectum 
are of advanced age with more or less arteriosclerosis, we believe that 
attempts to draw inferences concerning the blood sui^ply during life 
from injected specimens should be made with the greatest conservatism. 

THE RECTUM 

The rectum is supplied by a variable number of small arteries from 
the superior hemorrhoidal artery before its division, by the right and 
left branches of the superior hemorrhoidal artery, by the middle and the 
inferior hemorrhoidal arteries and by a variable amount from the middle 
sacral artery. 

For many years anatomists have described the arterial supply of the 
upper part of the rectum as coming only from the right and left 
branches of the superior hemorrhoidal artery. Ouenu,'®® in 1893, 
described a branch from the superior hemorrhoidal artery above its 
division coursing upward and anastomosing with the last sigmoid 

108. Quenu, E. : Des arteres du rectum et de I’anus chez I’liomme et chez la 
femme, Bull. Soc. anat. de Paris 7:703 (Dec.) 1893. 
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artery. Later Rriheseli descriiied rami of iHo superior hemorrhoidal 
artery to the bowel which are given o!) above the bifurcation and which 
do not anastomose. Drummond’''' noticed one or two enciicling 
branches, with little anastomosis above or below, given oil fiom the 
superior hemorrhoidal below the last sigmoid artery. Pope and Buie 
demonstrated that these vessels are constantly present in varying 
numbers and that thev have some anastomosis with the adjacent arteries. 


These small vessels supply the bowel in the gap between the termina- 
tion of the marginal artery in the lower portion of the sigmoid and the 
division of the superior hemorrhoidal artery (fig. 15). Iheir course 
is at once encircling toward the anterior aspect of the bowel and down- 
ward, coursing more or less parallel wdth the longitudinal axis of the 
rectum on its lateral and anterior aspect. The vessels vary in number 
frowi one to five and both number and sir.c are proportional to the 
anatomic variations encountered in this region, that is, a high, small 
or absent last sigmoid artery, or a low' dividing superior hemorrhoidal 
artery. They are to be regarded as supplemental and irregular vessels. 

The superior hemorrhoidal artery divides near the upper end of 
the rectum into two branches, a right and a left superior artery 
(fig. 16). The point of bifurcation is not constant but usually is oppo- 
site the second or third sacral vertebra and, in many instances, is marked 
by absence of the mesosigmoid. Pope and Judd found that the point 
of bifurcation is 18 cm. from the origin of the inferior mesenteric 
artery. The branches course downw'ard along the rectum, gradually 
encircling it from the posterior aspect. The two branches are seldom 
equal in size. Quenu,^®® in a meticulous study of the arteries in thir- 
teen specimens, found that the right branch is usually the larger, and 
frequently furnishes a lai'ge branch to the posterior surface of the 
rectum. Branches of the arteries arc given off irregularly to pierce 
the thick musculature of the rectum at an acute angle and ramify in the 
submucosa. Among the low'est branches are some wdiich anastomose 
with the middle hemorrhoidal and prostatic or vaginal arteries. 

The middle hemorrhoidal arteries are the first vessels to the large 
owe to be derived from outside the splanchnic circulation. Their 
oiij^in IS variable, coming either directl}' from the anterior division of 
le inteinal iliac artery, or from a common trunk wdth the middle 
r esica , vaginal, prostatic or internal pudic artery. The arteries course 
orwar to the lateral aspect of the rectum along w'hich they descend, 

!v'fi irregular branches, some of wdiich anastomose 

1 1 le iranchcs of the superior hemorrhoidal and some wdth the 
vaginal, vesicle or prostatic arteries. The middle hemorrhoidal vessels 
. 1C inconstant in size, distribution and anastomosis. Particular interest 
horn anastomosis of the middle wdth the superior 

Dr„„„„o„d~ c„co,n.tcred a case in svhid, tterc 
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were no middle hemorrhoidnl arteries, and Qnenu in his more detailed 
study found the anastomosis extremely irregular. In the thirteen cases 
examined by Quenu,' there was complete failure of anastomosis 
between the middle and suiierior hemorrhoidal arteries in one case, the 
anastomosis was through one side only (most frecjuently the left) in 
eleven cases, and was bilateral only once. 

It must he concluded, therefore, that although the middle hemor- 
rhoidal artery usually anastomoses with the superior hemorrhoidal 



arter)' as well as with the vesical and prostatic or vaginal vessels, the 
relationship is not constant and no great reliance can be i^laced on it 
surgically. 

The last artery to the large bowel is the inferior hemorrhoidal. 
These arteries, usually one on each side, arise from the internal ptidic 
artery during its course through Alcock’s canal in the perineum. The 
vessels subdivide irregularly into three or four smaller branches which 
circle the anus anteriorly and posteriorly. The vessels supply the 
musculature of the anus and by fine twigs anastomose with the middle 
hemorrhoidal arter^^ 
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111 sjieciiiieiis of tlif rt'ctiiin in wliicli llie iirliTif.'- :irf c.'ii'ctnlly 
injected, an anastoinosi.s willi the middle .'>acral artery i.s f.eeii. I In'.s 
small vessel originates at the hifnrcation of the aorta and flesceiids alonu' 
the anterior surface of the sacniin. Onenu particularly has noted 
this vessel, and found that it furnishes two or three sm.'ill hranches 
directly to the posterior w.'dl of the rectum. I’ope and Huie inchuled 
it in the retrorectal ple.xus. 'I'he artery is small, its hranches arc incon- 
stant and its value as a supjily to the rectum is nef,dii,dhle. 


The veins of the rectum have received cnnsiderahle attention from 
anatomists because of the anastomosis hetween the iiortal and eaval 
systems. The rectal veins correspond in name, iiumher and general 
course to the arteries. The inferior hemorrhoidal veins drain the region 
of the amis and sphincter and communicate not only with the middle 
hemorrhoidal veins aliovc. hut also with the veins of the perineum and 
scrotum. The lilood is gathered into several large branches from a 
perineal ple.xus, and these hranches usually unite before eiii])tying into 
the internal pudic vein in Alcock’s canal. 

The middle hemorrhoidal veins are the most ingiortant in anastmnos- 
ing the caval and jiortal venous systems. 'J'hrough tlieir connections 
they communicate both suhimicosalh’ and jieriimiscularly with the 
inferior hemorrhoidal vein, drain the region of the rectum immediately 
above the internal sphincter and have free suhmucosal anastomosis with 
the superior hemorrhoidal vein. Their branches also anastomose freely 
with the prostatic or vaginal plexus and in some cases the middle hemor- 
1 oidal vein becomes one of the principal veins to return blood from the 
urinary vesicle. From man}' ramifications the veins gather into larger 
side of the rectum, and, following the course of the 
™ e hemorrhoidal artery upward, the final single trunks join the 
internal iliac veins. 


le largest of the rectal veins are the superior hemorrhoidal. From 
b® on m the rectum as the columns of Morgagni, the blood is collected 
submu^'^^^ ™ncosal and submucosal ]ilexus and returned upward in the 
event^^n^^ course the vessels unite to form larger twigs which 

then on r thick muscularis of the rectum at an angle and 

mucosa ^ npwarcl parallel to it. As higher branches from the 
receive muscle they join the original veins which also 

the rectuin^ 1 perirectal tissues. Near the upper end of 

the corrp«r,'r. ”Sht and left veins are formed which accompany 
veins receiv^ f superior hemorrhoidal artery. The 

pelvic colnn n 1 from the region of the rectosigmoid and 

fine, becoming continues upward to the left of the median 

common iliac artery"'^""”" the level of the left 
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One of the early investigators of the veins of the rectum was 
Duret.’"^ For practical purposes he divided the veins of the rectum 
into an external system, which drained downward into the perineum 
and internal pudic vein, and an internal system, which drained upward. 
The external SA'stem is anatomical!}' the inferior hemorrhoidal vein 
with additions that it may receive from the middle hemorrhoidal A'ein. 
The internal system is composed of the middle, and principally, the 
superior hemorrhoidal A'eins. This division is still adhered to by sur- 
geons, and the connection between the two and thus between the caval 
and portal systems has been in some dispute. 

Duret found that he was able to inject material from the inferior 
mesenteric vein not only into the external hemorrhoidal system but into 
the saphenous, femoi-al and genital veins. Similarly, the superior 
hemorrhoidal vein could be injected from the internal iliac vein. 
Ouenu,^^” in general, substantiated this study but believed that because 
of var3'ing results there might be some form of valve between the two 
s}'stems. Gay maintained the independence of the two systems and 
has been upheld in his views by Cripps. Cripps thinks there is little 
connection between the veins of the two s}’stems and that when there 
is, the flow is always toward the iliac veins. Tuttle has demonstrated 
the connection between the two systems and emphasized the difficulty 
of injecting the anastomosis of the two through the sphincter, which 
he compares to a watershed. 

We would like to emphasize a fact here that seems to have been 
neglected. The middle hemorrhoidal vein is the largest medium of 
intercommunication between the portal and caval systems. Since the 
distribution and anastomosis of the middle hemorrhoidal artery are 
extremely variable, a similar variability may be exj^ected in the middle 
hemorrhoidal vein, and the extent of anastomosis effected by the rectal 
vessels between the caval and portal systems wdll vary in each case. 

SURGICAL CONSIDERATIONS 

The mortality from operations on the colon has not only been 
reduced by modern study and technic, but operation is being attempted 
in more advanced cases, a fact w'hich makes comparisons difficult. A 
large percentage of operations on the large bow'el are performed because 
of malignant conditions, and the opinion as to the operability of a lesion 
varies with the surgeon. Therefore, a cautious operator may present 

109. Duret: Reclierches sur la pathogenic des hemorrhoides. Arch. gen. de 
med. 144:641 (Dec.) 1879. 

110. Quenii. E. : Etudes sur les veines du rectum ct de I’anus, Bull. Soc. anat. 

de Paris 6:601 (July) 1892. ,, 

111. Gay, John: On Haemorrhoidal Disorder, London. J. & A. Churchill. L*- 

p. 60. 
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low morl.’ilit}' ;i.'' n result <»i having rniiilciDiictl a*' iii'i|)c)'a- 

ble call’s in which eiiic nr |iallia\iun mi; 4 hl luivc been .'■cciircd by acccjil- 
intj greater risk. 'I'lius tlw (iilVicnlly nf kimwing what a writer eniisiilevs 
an operable lesinii enters int" the evahnitinn of statistics. 1 inlnnbtedly 
the last few decades have seen a witleniiig in the field nf operability 
and an increase in radical surgical ]>rnceihires on the colon. 

The primary jnirpose of the study of the blood supply of the large 
intestine was to apply it ]>raciically to surgery. Operations on tin’s j)art 
of the intestinal tract are fraught with the danger of sepsis, even when 
most carefully performed, because of the tyjie of bowel and nalure of 
its contents, and the added peril of gangrene in the w.all of the bowel 
from ischemia has undoubtedly been a contributing factor to the hospi- 
tal death rate. With this thought in mind, an attempt has been made 
to apply the anatomic facts relating to the blond vessels to the operations 
usually performed on the l.'irge bowel. .V description of the technic 
of the operation aside from its a]iplic:ition to the blood supply has been 
purposely avoided. Some of these jrrocedurcs have been described by 
previous writers, as few surgeons have written about the colon without 
giving some warning as to its circulation. 

The colon and its blood vessels arc roughly similar to a rubber- 
tired wheel with few. irregularly placed spokes. The spokes represent 
the named colic arteries, and the rim represents the marginal artery 
from which the colon is supplied by the terminal branches. It is 
important in handling the blood supply of the colon to keep in mind that 
the arterial pattern of each colon is original. The present study has 
established a few facts such as the continuity of the marginal vessel 
and the percentage of occurrence of the various named arteries, but 
the outstanding fact emphasized is the variability of the arterial pattern, 
making it essential to deal with each case as a variant. The fact that 
single colic arteries may be ligated experimentally or bj^ mishap during 
an operation, and the supply to the bowel maintained b}' the marginal 
artery should not be an excuse for carelessness. These arteries should 
e ligated purposefull)' and only when occasion demands. The arteries 
of the colon are variable in size and position, and the two adjacent 
vessels should be investigated before one artery is occluded. The 
importance of this cannot be more empliaticall}'^ proved than by ref- 
eience to the celloidin cast shown in figure 5. Here ligation of the 
in erioi mesenteric artery would inevitabl}'^ result in ischemia and 
gangiene of more than half of the colon. The vessels to the portion 
o tie bowel involved should be identified in all surgical procedures. 

entification may be difficult in the presence of excessive fat or adhe- 
sions , however, a knowledge of the approximate situation of the vessels 
pa patioii for their pulsations will usually establish their situation. 

of tko colon is a decided advantage in dealing 
le ilood supply. If the part of the bowel involved can be lifted 
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so that the mesocolon is vertical to the posterior wall, the blood vessels 
are easily identified even in the presence of moderate ohesit3^ There 
is nearly always mobility in the transverse portion of the colon, and 
although we have found a mesocolon to be present in the ascending and 



Fig. 17. — Incision along the line of the peritoneal reflection lateral to the colon 
to obtain mobility. 

descending portions of the colon more frequentl}" than Treves classic 
figures indicate, it is usually too short to allow an}- appreciable upward 
manipulation. To obtain mobility, the peritoneum should fie incised 
along the lateral side of the colon. There is usually slight thickening 
of the peritoneum at the line where the upward reflection from the 
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posterior wall takes place, and the resulting white streak may be incised 
throughout its entire length without danger of encountering vessels 
(fig. 17). The bowel may then be lifted mesially and upward and the 
centrally situated blood supply brought into prominent relief (fig. 18). 

Insufficient mobilization of the colon, in the course of a procedure 
in which the bowel is to be fixed, may have several detrimental effects 
on the blood vessels. Undue pull on the colon will tend to stretch the 



Fig. 18. — Colon elevated after incision of the peritoneum along line of its lateral 
reflection. 

vessels to that part longitudinalh' and thereby decrease the diameter of 
their lumen. This is particularlj^ true of the marginal and the terminal 
vessels. Another danger is that acute angulation of more distant!}’ 
attached vessels may occur, especially at the points where the colon is 
permanently fixed by ligaments. The blood vessels of the colon lie 
beneath a loose peritoneal covering which allows considerable move- 
ment. and their attachments are only through their inosculations and 
terminal branches. For this reason, angulation of a vessel several 
centimeters distant may be caused by tension on the colon, thereby 
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1 educing the anastomotic supplj^ at a point where it is most necessary. 
This trouble is particularly likely to be encountered in operations in 
which the bowel is fixed to the wall of the abdomen, such as colostomy, 
and will be referred to again when these procedures are considered. 

TJjc IV all of the Colon . — In the study of the terminal vessels to the 
colon, we have stressed several important facts: (1) the comparatively 
scanty anastomosis between the small terminal arteries; (2) the greater 
vascular supply to the mesocolic two thirds of the bowel, and (3) the 
subserosal position of the long arteries before they pass beneath the two 
amesocolic taenia to supply the relatively avascular third portion of the 
colon. These anatomic peculiarities give us several guides in surgical 
procedures on the wall of the bowel. The slight anastomosis of the 



Fig. 19. — Colon cut across at angle to preserve the mesocolic, vascular portion. 


arteries demands greater care in handling the large intestine than the 
small. When the bowel is to be cut across, as for end-to-end anasto- 
mosis, a greater part of the vascular mesocolic portion of the colon 
should be retained than of the amesocolic third. This is accomplished 
by cutting the bowel at an angle (fig. 19). If the colon is cut per- 
pendicular to its axis, the incision may just include one of the long 
terminal branches to the amesocolic portion, thus destroying for per- 
haps 2.5 cm. the only supply to a naturally impoverished portion of the 
bowel. Pauchet,^- without considering the course of the vessels, 
advocated cutting the colon at an angle of 45 degrees. So great an 
angle might make it difficult to obtain sufficient mobilization to avoi 

112. Pauchet, ^'icto^; Practical Surgery Illustrated, London. Ernest Benn, 
Ltd., 1925. 
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])ull on tlic :mu'h'H-olio imit of )hc nn.'i'-loino'.i'- in in wliicli the 

colon was lavj^o an<I w<inlci n-'-nli in a >.i)arn an,i:l<’ in I lie inincn. A 
inoic raiional nilc woiiM lx- )<* on) Jlio Ixiwcl al aciKc aiiA'Ics. so 
tliat the two I'lnls will nin>-i olo'-dv coinci<lc in diaincUT. ( nllini; the 
colon at an anitlc has tin- addi d advantaio- of jirodnciin,' a lar.ucr open- 
ing at the anastomosis. 

hen a longitudinal incision in thi- colon i'- necessary, it shonhl 
he placed in the center of the amc'-ocolic third of the l)oweI ( li.g. 20). 
The closer a longitndin.a! inci'-ion is made to the inesoeolic taenia, the 
greater will he the are.a of colon hetween the incision and the outer 
point on the circumference of the how«-l to he furnished hv the feehle 
anastomosis of the encircling arteries of tlie o|)posite side and the 
adjacent terminal vessels. The direct supply to the area will have heen 
sacrificed, anrl the danger of gangrene will he eomrnen*-nivite with 



Fig. 20.— The dotted line indicates the site of ligatin.g the marginal artery and 
resecting the main artery when necessary. 

the length of the incision. Fortunately for patients and surgeons, the 
amesocolic section of the colon is usually the most accessible and the 
east encumbered -with fat, and therefore is the place usually selected 
^or 1 eocolostoni}^ and insertion of enterostomy tubes. If the anatomy 
° le terminal vessels to the colon is kept in mind, the surgeon will 
mace only longitudinal incisions in the colon parallel with, and exactly 
'TCen, the amesocolic longitudinal bands. 

le subserosal course of the long terminal arteries exposes them 
when an effort is made to clear fat away from 
bef ° These arteries furnish branches to the epiploic appendages 
section beneath the longitudinal muscles to the amesocolic 

hiclud^ '"■all. In elevating and clamping fat tabs, it is easy to 

is ■ *^ *^ ^*^ artery, especially if the colon is contracted, and there 

sole'^s^'^^T'^ redundancj' of the arteries. Since these arteries are the 
supp ^ to the outer third of the colon, their value cannot be over- 
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estimated. As an experiment, the long arteries have l)een intentionally 
included when cutting oft the epiploic appendages of colostomy loops 
which are later to be trimmed off and remain as permanent colonic 
stomas. Usually, although not invariably, there results an area of 
necrosis in the wall of the bowel near the median line between the 
taenia. In one case in which the long arteries were ligated on opposite 
sides of the colon at the same point, necrosis of the wall between the 
longitudinal bands occurred for about 2.5 cm., the opening, which 
appeared on the fifth day, being circular. Although there may have 
been slight impairment of the circulation to the colostomy loop, the 
resulting necrosis can be regarded only as evidence of the avascularity 
of this part of the colon and emphasizes the advantage of leaving the 



Fig. 21. — The correct (left) and incorrect (right) method of clamping epiploic 
appendages. 

long terminal vessels intact. To avoid injury' to the blood supply, the 
epiploic appendages should not be pulled outward too vigorously, and 
the clamp should be placed on the neck of the tab, parallel to a tangent 
at the longitudinal muscle band, (fig. 21). The mesocolic fat should 
be removed by blunt dissection. 

The Marginal Artery . — This artery has been found to be a con- 
tinuous vessel present in all colons. In a small number of ascending 
colons (5 per cent), it is replaced by profuse single branches. The 
distance of the artery from the wall of the bowel varies from a half 
to several centimeters, and the presence of secondary loo])S is uncertain. 
In position and function, the marginal artery is compara/ile to the u-ater 
main in a city street. Whenever possible, the artery should I)C le 
intact. However, its presence assures the colon of a distal as vc 
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ludxiinal Mdinl '-n])]'ly. aii'l wlii-m vci jiii- ni-ca'.imi ik'inaiids. llic siir- 
Jicoii >110111(1 liavi- IK) lic'-iiaiicy in rc'-coliiii; tlic iiiariiiiial aitcry of tin; 
])arl of till' iiitcstiiu' Ix-iiii; iciiioxcd. In lacl. il may l»c dc'-iralilc in caves 
of iiiali^iiaiil coiidilioiis wlieii it is rccallcfl that tile second set of lyni|)li 
nodes, tile jiaracolic nodes, follows its arcades down to tlie main 
arteries. \\ lien the niar;:inal ;irtery is resected, care should he taken 
that the reinaiiiinit artery cMends beyond the cnt edtte of the colon which 
it supplies ( fiiy. l*t). 'i'he principle of the wetke or fan-sha])ed resec- 
tion ajiplies to resection of the mesocolon with its blood vessels f|nite 
as iiuich as to that of the mesentery of the small bowel. Should the 
wedge of mesocolon include one of the main colic arteries, the artery 
Itself should he made the .apex of the resected wedge and ligated <as 
close to its source as is com|iatih 1 e with pro])er ])eritonealization of 
the posterior wall. In this way the resection would include the third 
set of lynijih nodes, the intermediate nodes, which follows the course 
of the colic arteries. 

Coloslovty. — 'I'lie oldest ojieration on the colon is colostomy."" 
Regardle.ss of the type or position of the colostomy, there arc a few 
fundamental rules which should he rememhered with regard to the 
dood vessels. The colon must he sufficiently mobilized to allow the 
bowel to extend above the .skin of the abdomen without undue pull 
upward on the peritoneal attachments. This may he accomplished by 
incising along the lateral jieritoneal reflection as described. With the 
colon freed to allow exteriorization of a small loop without undue ])ull 
w the underlying arteries, the immediate vessels must be considered, 
the marginal artery will be found running more or less parallel with 
e wall of the colon at a distance varying from a half to several centi- 
meters. This vessel should always be left intact when colostomy is 
1 ormed as it is the immediate source of supply to the colon and 
e important anastomosis between the arteries of the colon. In the 
ypes of colostomy in which it is desirable to make an opening in the 
mesocolon, either to draw components of the abdominal wall together 
the°"^ simpl)' to fix the loop in position on a tube or rod, 

opening should be made between the colon and the marginal artery 
&• )■ In order to obtain an opening of sufficient size, it may be 

tCcessary to ligate several of the terminal vessels, but this is preferable 
marginal arter)' or making the opening beneath it. Liga- 
valuabl ^'^^sel may rol) the colon proximal to the colostomy^ of a 
3 dds to blood supply, whereas an opening below the artery' 

bleed! 'w danger a second from the embarrassing amount of 

Produced by the relatively simple process of cutting across 
opening. 

& Co Handbook of the Medical Sciences, New York, William Wood 

1900, vol. 1, p. 532; i9oi_ 2 , p. 105. 
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Some surgeons customarily sew the peritoneum to the elevated colon 
after performing colostomy. Although we believe that sewing into 
the colon should be avoided whenever possible, we wish to emphasize 
here only a' point regarding the blood supply. In the mesocolic portions 
of the colon, the vessels lie loosely beneath the serosa and are often 
covered with fat. In sewing the peritoneum to the wall of the colon, 
it is easy to injure or ligate several of the long terminal branches. 

Mikiilicc Operation . — This operation, which is occasionally per- 
formed for malignant disease of the colon, is e.xteriorization of the loop 



Fig. 22. — Opening between the colon and marginal arterj' in performing 
colostomy. 

containing the growth, with removal as a second stage of the procedure. 
It entails several factors into which the blood supply enters. The hrst 
consideration is proper mobilization of the part. The procedure is 
generally reserved for the encircling scirrhous types of malignant 
growths that make intra-abdominal manipulation hazardous. If this 
tvpe of lesion is pulled upward under any tension, some circulatory 
disturbance may result. Since the veins are more easily collapsed than 
the arteries, passive congestion of the already highly infected mass 
occurs. The resulting compensatory dilatation and hyperactivity of the 
lymph channels will carry the infection, if not the malignant growth 
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itself, downward into the abdominal cavity. To avoid vascular cinl)ar- 
rassmcnts. the fir.st consideration in (he Alikulicz operation must he 
sufficient moliilization of the .growth and colon to be resected. 

Resection . — Resections of parts or all of tlie colon must he adjusted 
to the nature of the lesion. There is no advantai^e in removing the 
marginal vessel and the main arteries in cases of benign lesions such 
as polyposis or ulcerative colitis. The handling of the wall of the colon 
and the marginal artery in resection has been coirsidered, and we wish 
here merely to advocate primary ligation of the main arteries to the 
part to be removed. In any case in which an appreciable portion of 
the colon is to be removed, the operation can be greatly simplified and 
shortened by ligating the vessels to the part in their central position 
before an attempt to remove the bowel is made. This necessitates 
careful identification of vessels and may not be feasil)le if the patient 
is obese. For example, in the removal of the right portion of the colon 
after ileocolostomy has been performed, if the ileocolic, the right colic 
and the marginal arteries just distal to the anastomosis are ligated first, 
resection can be made without further clamping and only a negligible 
amount of blood will be encountered in the distal vessels (fig. 23 ). 

Resection of the splenic flexure frequently offers great difficulty 
from the technical standpoint. It has been shown that the marginal 
artery is present in this region, at least before operation, and that there 
is no lack of blood to the part. However, the splenic flexure lies 
high, and is deeply placed within the abdomen in the form of a long, 
inverted U. The blood vessels to the region, through the marginal 
artery, are almost parallel and close together. If resection of this part 
is attempted from the median aspect, the marginal arteries are in grave 
danger of being injured at points proximal to the site of resection. 
The attack must be lateral to the colon, freeing the splenic flexure 
along the white line of the peritoneal reflection, severing any connection 
between the omentum and the spleen and any peritoneal attachments 
of the colon to the posterior wall. The entire splenic flexure may then 
be brought mesialh’ and upward with the arteries uninjured, and the 
resection may proceed as conditions indicate. It would be well to recall 
that the left part of the transverse colon may have lymphatic drainage 
upward to the spleen through the thickened left edge of the omentum. 
For this reason it is advisable to remove this part of the omentum. 

Sigwoid . — The sigmoid offers the most favorable site for operations 
on the large bowel from the standpoint of dealing with blood vessels. 
The mesosigmoid allows easy exposure of the affected part ; the arterial 
supply is adequate and flexible, due to the secondary loops usually 
present below the marginal artery, and in addition the sigmoid is low in 
the abdomen where infection is less dangerous than near the diaphragm 
The same rules that apply to handling the blood supply of the colon are 
applicable in operations on the sigmoid. 
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Rectosigmoid . In the region of the lower portion of the sigmoid 
near the rectum, the form of the blood supply changes. The region 
has been generally referred to as the rectosigmoid, and from the stand- 
point of the blood supply, is characterized by lack of the marginal 
artery, doubtful anastomosis with the arteries of the sigmoid through 
the small last sigmoid artery, more longitudinal direction along the 
bowel of the small arteries to the wall and loss of the mesosigmoid in 
the base of which lies the large superior hemorrhoidal artery. Consider- 



Fig. 23. — Primarj^ ligation of the vessels in removal of the right portion of the 
colon. 


able interest was centered about the part several 3'ears ago, when it was 
customary to pull the sigmoid down and make a posterior artificial anus 
after resection of the rectum. It was the custom to sever the superior 
hemorrhoidal artery through an intra-abdominal incision in order to 
allow sufficient mobility of the sigmoid to Iiring it down. Sudeck, m 
studying the vessels of this region, descril)ed what was called a critical 
point for this ligation, just above the last sigmoid artery, which was 
supposed, through its anastomosing with the marginal artery of the 
sigitioid. to replace the blood supply to the rectum. If the .luperior 
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hemovvoitlal avtcvy wove severed below this point, necrosis of the rectnni 
would result. Later. Drummond studied the region and found tliat 
there was no anastomosing artery between the marginal artery and the 
superior hemorrhoidal artery in 10 per cent of the cases.^ and that 
the artery was so small that it was negligible in 40 per cent. The critical 
point was then moved upward and located just below the first sigmoid 
artery. However, the sigmoid arteries are extremely variable in their 
origin and number. They may all rise from the left colic artery or from 
one large branch of the inferior mesenteric artery, h ortunatcly. opeui' 
tions making the artificial anus posteriorly have been largely discarded, 
but the question of blood supply to the rectum is still present in two- 
stage abdominoperineal resections. Because of variations in the arterial 
supply in this region, there is but one safe rule to follow: If the 
superior hemorrhoidal artery is severed, the bou'el below that point 
should be removed at once. 

Rectum . — In the rectum, the chai'acter of the arterial suppl}' is 
altered even more noticeably than in the rectosigmoid. The branches 
of the superior hemorrhoidal artery course downward along the rectum 
and pass through the thick muscular walls to the submucosa. In the 
lower part of the rectum, the variable middle hemorrhoidal artery enters 
to form an anastomosis with the superior hemorrhoidal artery above, 
and below with the inferior hemorrhoidal artery which supplies the anal 
canal. Because of the longitudinal direction of the vessels, it is possible 
to perform posterior resection almost bloodlessly after the lower vessels 
have been ligated. The superior hemorrhoidal artery is isolated late in 
the operation on the posterior surface of the rectum or rectosigmoid. 
There is no danger of ischemia following ligation of this artery, as the 
bowel below the point is entirely removed. This is likewise true for 
the less radical local excisions of growths low in the rectum. 

The marked variations of the middle hemorrhoidal artery and its 
frequent role as a vesical artery perhaps account for some of the com- 
plications encountered in posterior resections of the rectum. The 
d\'suria and retention so marked in some cases following ligation of the 
hemorrhoidal arteries, may result from having a considerable portion 
of the supply of blood to the bladder cut off, with consequent increased 
neurogenic disturbance. Similarly, an occasional vesical fistula follow- 
ing a posterior resection of the rectum may be caused by tlje ligation of 
a middle hemorrhoidal artery that was furnishing a large part of the 
blood to the posterior aspect of the bladder. 

COXCLUSIOX 

A thorough study of the blood supply of the large intestine shows 
conclusively the variability of the arterial patterns, and for this reason 
the suggestions for surgical procedures are made as general as possible. 
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A vai'iety of surgical procedures for abscess of the lung is in prac- 
tice at the present time, ranging from simple drainage, unroofing and 
ventilation to pneumonectom}^ The most dangerous complication of 
these operative procedures is entry of the free pleura with resultant 
fatal putrid empyema. A lung with a putrid focus and a nonadherent, 
or inadequately adherent, pleura at the site of the focus, therefore, 
contraindicates operation until adequate adhesions have been formed to 
prevent pleural invasion. We accept the idea that the pleura partakes 
in the process of infections of the lung, such as abscess and, sometimes, 
bronchiectasis. In abscess of the lung the infection is lodged in the 
smaller bronchi in the early stage of the disease. The lung then under- 
goes a process of putrid liquefaction, and a more or less extensive sur- 
rounding pneumonitis ensues. The adjacent pleura is involved with a 
resulting pleuritis. As the process extends, the area of pneumonitis 
enlarges, the pleuritis becomes more extensive and adhesions are formed 
between the two layers of the pleura. Since the putrid focus is localized 
in its extent, the pleural involvement, or the pleural adhesions, will 
be more or less localized over the area of the putrid focus in the lung. 
Provided exact localization of the abscess has been carefully determined 
b}^ roentgenographic examination or studies with iodized poppy seed oil 
40 per cent, it remains a simple matter for the surgeon to resect a rib 
or ribs, encounter the pleural adhesions and drain the abscess cavity 
through them. Nevertheless, even with an abscess exactly localized, 
the area of pleural adhesions may be too limited or inadequate for a 
safe procedure. At the edge of the zone of pneumonitis, the pleural 
adhesions may be weblike in structure. This is especially true in acute 
abscess of the lung. Any degree of exploration beyond the limited zone 
of firm adhesions may result in a general pleural infection. 

This problem of the surgical treatment of suppurative pulmonary 
foci is entirelv dependent, therefore, on the production of an effective 
pleural barricade to an infected focus. That this fact is generally rccog- 

From the Laboratories of the Department of Surgery, College of Physicians 
and Surgeons, Columbia University, New York. 
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nizecl is shown by the practice in some clinics of attempting to i)rodnce 
adhesions by suture and by packing with gauze, in order to wall olf the 
putrid focus in the lung prior to operation. The importance of pleural 
adhesions in operations on abscess of the lung also explains the many 
attempts at experimental production of pleural adhesions by the iiitra- 
pleural and the extrapleural routes. Since pleural adhesions could be 
produced by any one of these methods, it occurred to us (Drs. Hinshfcld 
and Cohen), while working on the problem of abscess of the lung at 
Mount Sinai Hospital, to review the available methods from the point 
of view of efficacy of their production, the simplicity with which they 
could be formed and the factor or factors underlying their formation. 

Intrapleural injections of solutions, such as 50 per cent dextrose, 
glycerin, gum arable solutions in varying concentrations, turpentine 
and corrosive chemicals, were tried and either gave a violent pulmonary 
reaction in animals or did not inaugurate any pleural reaction what- 
soever. It is judged that the intrapleural injection of these substances 
to produce pleural adhesions is dangerous for clinical trial. 

Of the extrapleural methods the application of chemicals was first 
tried. When chemicals are applied to the endothoracic fascia, either a 
local abscess or a simple inflammatory process may ensue without giving 
rise to pleural adhesions. In some cases they may give rise not only 
to a pieuritis which results in adhesions, hut in addition to a rather 
violent pneumonitis. The procedure associated with the least danger, 
and the greatest efficacy was found to be extrapleural compression, 
This was accomplished by packing tightly against the endothoracic fascia 
beneath a rib. Both gauze and sea sponges were used to produce extra- 
pleural compression. In each case adhesions were produced, showing 
that the common factor responsible for the production of adhesions in 
the pleura was the effect of pressure, irrespective of the substance or 
substances used. 


EXPERIMENTS 

A limited number of experiments were done to note the effect of 
application of chemicals to the parietal pleura. A number were also 
done to note tlie effect of extrapleural compression by means of gauze or 
sponges. Microscopic sections were made of specimens showing pleural 
adhesions.^ Only typical experiments will be cited, and a few illustrative 
microscopic sections will be fullj' described. 


Dog 11072.— On Oct. 22, 1931, with the animal under ether anesthesia, two ribs 
were resected on the left side for about 3 inches (7-6 cm.). Intercostal muscles 
were removed. Gauze soaked in turpentine in olive oil (1:2) was applied to the 
parietal pleura. The gauze was left in place for about fifteen minutes and then 
removed. The dog was k-ilied on October 29. Postmortem c.vamination disclosed 
no pleural adhesions. 
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Dog 11114. — On Nov. 12, 1931, with the dog under ether anesthesia, the fifth 
and sixth ribs on the right side were removed for a distance of about 3 inches. 
Gauze soaked in oil of eucalyptus was applied to the parietal pleura and was then 
removed. The same procedure followed on the left side. The dog was killed on 
November 19. Postmortem examination disclosed that both right and left pleural 
surfaces were intact and free from adhesions. 

Dog 11073. — On Oct. 22, 1931, with the dog under ether anesthesia, two ribs 
were resected subperiosteally on the left side for a distance of about 3 inches. Two 
la 3 'ers of gauze soaked in turpentine in oil (1;2) were packed into the wound 
extrapleurally. The wound was closed in layers. The dog was killed on 
October 26. Postmortem examination disclosed a large subcutaneous abscess at 
the site of application of gauze with the oil. In addition there was a diffuse 
bronchopneumonia in the underKung lung. The pleurae were free of adhesions. 

Dog 11089. — On Oct. 29, 1931, with the dog under ether anesthesia, two ribs 
were resected subperiosteally on the right side. The parietal pleura was exposed 
and was then soaked with eucalyptol over an area measuring about 6 inches 
(15.2 cm.). The wound was closed in laj’^ers. The dog was killed on November 5. 
Postmortem examination disclosed adherent pleura over the area painted with 
eucab'ptol. The right lung was adherent to the pleural surface over an area about 
2 by 5 cm. The parietal pleura adjacent to the adhesions was reddened and 
thickened. 

Microscopic Examination . — A section through the thoracic wall and the adherent 
lung showed that the lung was fixed to the wall of the chest by a delicate granula- 
tion tissue well supplied with fibroblasts, capillaries and slender collagen fibers. 
The adjacent lung showed an interstitial infiltration with phagocytic cells and 
a dilatation of the interstitial capillaries which extended throughout the entire 
adherent piece. There did not seem to be any alveolar exudate or any e.xudate 
• in the bronchi. The parietal and visceral pleurae on either side of the adhesions 
were covered with a thick fibrinous exudate mixed with many red. blood cells and 
a moderate number of polymorphonuclear leukocytes and mononuclear cells. 
Beneath this exudate was newl)' formed granulation tissue. In the thoracic wall all 
of the tissues were edematous and the inflammatory reaction had separated many 
of the muscle fibers. In some areas there had been extravasations of red blood 
cells and a proliferation of fibroblasts. In some areas, also, there were huge num- 
bers of phagoC 3 'tic cells, some of them of giant proportions. Many of these seemed 
to contain foreign material which possibly' bore some relation to the eucalyptol, 
although no definite oily' droplets were found. 

One got the impression that there had been a tremendous inflammatory response 
to the eucalyptol which had resulted in a fibrinous exudate on the pleural surfaces. 
This, however, had not been destructive enough to prevent the growth of adhesions 
between the visceral and parietal pleurae. 

Dog 11159. — On Dec. 3, 1931, with the animal under ether anesthesia, two ribs 
were exposed on the left lateral wall of the chest. Parietal pleura with the peri- 
osteum was stripped from both ribs for a distance of 3 inches. Intercostal muscles 
between the two ribs were excised. A packing of gauze soaked in eucalyptol was 
placed beneath the ribs extrapleurally so as to get extrapleural compression. The 
dog was killed on December 10. Postmortem examination disclosed extensive adhe- 
sions of pleura over the area where the gauze was placed. Superficial muscles 
about the area of operation were edematous and red. Adhesions between the pleurae 
covered an area of about 6 inches and were very firm. 
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As is seen from the foregoing experiments, tlie aiiphcation of chem- 
icals, oil of eucalytus or oil of turpentine to the parietal pleura either 
fails to produce adhesions or may induce an abscess in the superficial 
tissues with bronchopneumonia in the underlying lung. In only one 
experiment in which a great deal of eucalyptol was used was a severe 
pleuritis with adhesions produced. When chemicals arc aiiplicd with 
extrapleural compression, a severe inflammation of the sui rounding 
tissue ensues with the production of adhesions. 

Dog 10775.— On Feb. S, 1931, with the dog under ether anesthesia, a small sec- 
tion of the second rib antcriorally on the right side was removed. The pleura was 
entered and closed by mattress sutures of the lung of the soft parts. The plcuia 
was stripped down over an area below the rent, and three large pieces of sterile 
sea sponge were inserted to produce extrapleural compression. The wound was 
sutured in layers. 

The dog died on March 11. Postmortem examination on March 12 disclosed a 
tension pneumothorax below the wound. The lung was firmly adherent to the 
wall of the chest where it had been sutured. Sponges showed early organization, 
and the pleural surfaces were adherent deep to the area of compression. 

Dog 10802.— On Oct. 3, 1931, with the dog under ether anesthesia, gauze packing 
was placed beneath the fourth and fifth ribs after the periosteum was stripped away. 
Pressure was applied to the underlying pleura and lung by tight packing of gauze. 
The dog was killed on December 10. Postmortem examination showed the entire 
lung adherent to the lateral thoracic wall. On the external surface was the opening 
of a cavity from which most of the gauze packing had been removed. In its depths 
two ribs were exposed, and both were denuded of periosteum. The deep surface of 
this cavity was formed apparently by the fusion of parietal and visceral pleurae. 
They were so fused that they could not be separated. The lung deep to the area 
of direct pressure represented by the cavity seemed compressed and paler than the 
rest of the lung, although it was still air-containing. The main bronchial divisions 
were unaffected insofar as their caliber was concerned. 

Outside of the area of direct pressure, organized adhesions joined the parietal 
and visceral pleurae for a variable distance. Anteroposteriorly, the adhesions 
covered the entire external surface of the lung. From above downward about half of 
the external surface of the lung was fixed to the thoracic wall. Adhesions had fixed 
the interlobar pleural surfaces together. 

Micrpsco/’ic E.vantinatioit . — A large section had been taken through the lung, a 
portion of the cavity with the adhesions on either side of it and the lateral thoracic 
wall. M'liere the pleurae were adherent to one another, the adhesion was formed 
by a thick layer of fibrin into which fibroblasts and capillaries had grown from both 
surfaces but at the place where the section was made bad not completely bridged 
the gap. The cavity itself and all the visceral and parietal pleurae were covered 
with a fibrinous exudate with many inflammatory cells, into which fibroblasts and 
capillaries bad grown. Some of the interlobar pleurae had complete cross fibrous 
■union. On the lung side of the cavity the visceral and parietal pleurae had been 
fused and were united by complete fibrous union. 

The lung .showed many patches where the alveoli were filled either with an 
acidophilic, finely granular material or with red blood cells. There was little 
exudate of cells and these were found chiefly in the septums. The bronchi had 
some exudate in them, chiefly of phagocytic cells. The wall of the chest showed 
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some fibroblastic proliferation between some of the muscle bundles, some degenera- 
tion of individual muscle fibers and a subperiosteal formation of bone on the 
pleural side of two of the ribs. 

Dog 11189. — On Dec. 17, 1931, with the animal under ether anesthesia, the sixth 
rib was exposed on the left thoracic wall. The periosteum was stripped for a dis- 
tance of about 3 inches. Two inches (5 cm.) of the rib was resected. Packings of 
gauze were placed in a circular fashion under both open ends of rib and under 
adjacent upper and lower ribs. 

The dog was killed on December 22. Postmortem e.xamination showed the left 
pleura adherent in a circular fashion at the points where the gauze was applied. 



Fig. 1 (dog 11189). — Fibrous adhesions join the parietal and visceral pleurae 
beneath the cavit 3 " from which the gauze had been removed. The underh'ing lung 
was partly air-containing. 

After making longitudinal sections paralleling the ribs, a large cavity was found 
tightly packed with gauze. From above downward this measured 6 cm. The 
cavitj' was bounded mesiallj’ bj' what seemed to be fused lung and parietal pleura, 
while laterally was the wall of the chest. Here the ends of the denuded and 
partiallj' resected sixth rib projected into the cavity separated by a space 1.3 cm. 
wide. The whole cavity was lined with a dirty j-ellowish membrane to which the 
gauze was not adherent. The adhesions between the lung and the pleura about this 
cavity varied from 5 to 10 mm. in width. The underl.ving lung seemed com- 
pressed and hemorrhagic, but was air-containing. The entire visceral and parietal 
pleural surfaces seemed dull and thickened. 
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Microscopic Exauiimlioit.—A section had been made through a portion of the 
cavity where it was about 2.5 cm. wide. The section had been made parallel witli the 
rib and included the lung and wall of the chest. The cavity which contained tlie gauze 
was lined with granulation tissue and in places had some fibrinous c.Midale on its 
surface. The mesial portion of the cavity showed that the parietal pleura together 
with an intercostal nerve and vein had been forced inward by the pressure of the 
gauze (fig. 1). The parietal pleura was united firmly to the visceral pleura by a 
membrane composed of fibrin, capillaries, fibroblasts and collagen fibers which 
varied from 0.25 to 1 nun. in width (figs. 2 and 3). As one passed away from the 
zone of greatest pressure the visceral and parietal pleurae were more widely 



Fig. 2 (dog 11189). — A section stained with Masson’s trichome stain. The 
firm union between the parietal pleura at the left and the visceral pleura at the 
right is shown. The space between the pleurae is filled with fibroblasts, blood 
vessels, collagen fibers and remnants of fibrin. 

separated and the strong fibrinous adhesions bad not been completely organized. 
The compressed lung showed that many of the alveoli were solidly filled with red 
blood cells, phagocytic cells containing blood pigment and alveolar cells (fig. 4). 
In some of tbc bronchi there were mucin and some cellular exudate. A section of 
the parietal pleura at a long distance from the region of compression showed that 
there had been a subpleural proliferation of fibroblasts and capillaries so that even 
here the pleura was much thickened. 

From the foregoing and other unquoted experiments on dogs, it 
seemed evident to ns tliat with extrapleural compression, either by 
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gauze or by sea sponges, firm pleural adhesions could regularly be 
formed. The adhesions joined the pleurae not only in the compressed 
area but for a variable extent outside of it. We believe that the area 
of pleural adhesions may be directly related to the degree of com- 
pression. By varying the degree of compression the adhesions may 
be either greater or less in area. We wish to emphasize the time interval 
at which the fibrous adhesions are formed. In the case of extrapleural 
compression with gauze, we found them well developed after from five 
to seven days. 



Fig. 3 (dog 11189). — A section stained with Laidlaw’s stain. The area is 
similar to that seen in figure 2, and shows the density and number of the new 
reticulin (collagen) fibers. The fibroblasts are unstained. 


COM MEXT 

Althovtgh pleural adhesions were produced by the extrapleural appli- 
cation of eucal}-ptol. we believe there are two objections to its use; 
(1) It is unreliable, and (2) it produces an excessive inflammatory 
reaction. In our experiments the application of pressure over the pleural 
surfaces with gauze or sea sponges always resulted in the formation of 
organized pleural adhesions, usually in from five to seven days without 
marked associated inflammatory response on the part of the lung, fbe 











HIRSH PIILD nr AL.-PUIURAL ADHESIORS 

pi-imary response in the pleura was a fibrinous cxuclale which rapidly 
became organized by fibroblastic tissue. The inflaininatory reaction in 
the lung was minimal, and the bronchial esndate was composed of 
phagocytic cells. 

Of the substances used to produce extrapleural compression gauze 
offered the best assurance of firm pleural adhesions in the shortest 




Fig. 4 (dog 11189 ). — h section showing the alveoli of the lung near the pleural 
surface filled with alveolar and mononuclear phagocytic cells. 


period of time. The degree of compression with gauze could be con- 
trolled by varying the number of strips applied under the ribs. 

In this paper it has been assumed that if the ]deurae are sufficiently 
compressed to damage their lining cells, they will be joined by organized 
fibrous adhesions. In this process we believe that the following factors 
play a role: (1) the presence of a foreign body, such as gauze: (2) 
parli.al atelectasis of the lung tissue immediately underlying the area 
of compression; (3) reflex immobility of the lung and pleura as the 
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thoroughly. The hands of the subject were carefully washed, rinsed 
and dried. When the skin had regained its normal moisture, the finger 
tips were placed lightly on the surface of the plate, not more than 
2 fingers per plate. Care was taken not to crack the agar, although 
this occasionally happened. The fingers were left in contact with the 
agar surface for five minutes. The greatest care was taken that the 
hands in no wa}^ came in contact with any drug, but no effort was 
made to keep the washed skin free from bacteria. After the imprints 
were made the plates were incubated for twenty-four hours at 37.5 C., 
as experience had shown that further incubation did not visibly alter 



Fig. 1. — Agar plate, seeded with ninety day anthrax spores and showing a zone 
of inhibition on and around a print of normal human skin, left in contact with tlie 
inoculated plate for five minutes. Photograph taken after twenty-four hours of 
incubation at 37.5 C. A transfer, made five days after inoculation from the center 
of the clear zone, was sterile. 

the results. After incubation the plates invariably sliowed numerous 
fine colonies of bacteria, evenly distributed throughout the medium, 
except in cases in which inhibition was observed. In such cases there 
were sharply outlined zones of inhibition entirely free from any colonics 
of the test organisms, as shown in figures 1 and 2. These zones 
extended not only throughout the depth of the agar, Init also laterally 
for varving distances beyond the area of tlie fingerprints. Translcr.- 
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{or the sterility of such zones of inhibition were m:ide l)y cutting out 
a piece of agar from the center of the zone with a platinum loop anti 
subculturing this agar in hroth. Such tests, made with every type of 
organism used, including anthrax spores, were almost always sterile. 

In some cases a heaping up of colonics was seen at the limits of 
the prints in cases showing no inhibition. In cases of inhibition, this 
same concentration of growth was frequently observed, not at the edge 
of the clear area, but slightly heyond it, with a narrow zone of appar- 
ently normal growth between this denser ring and the bacteiia-free 



Fig. 2. — Result of an e.xperiment exactly similar to that shown in figure 1, but 
made on a different date. The zone of inhibition extends only slightly beyond the 
fingerprint. 


area. Overgrowth of other than the test organism was observed on 
fingerprints on both inhibited and uninhibited plates. These over- 
growths of organisms present on the skin, in cases in which inhibition 
of the test organism was present, indicated in another way the selective 
action of the skin, which will be described later. 

The possible influence of pressure on the growth of the plates was 
controlled by contacts with glass stoppers and with fingers encased in 
rubber gloves. Such contacts gave no inhibitions. With the pressure 
factor relatively the same in all tests, it seems improbable that this had 
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any significance in the tests in which inhibition was observed. The fact 
that when inhibition was present it extended below and often laterally 
far beyond the actual area of contact with the skin would seem to 
preclude the possibility of some physical or mechanical action attribu- 
table merely to the contact of the skin with the agar. Moreover, this 
factor was the same in all tests, regardless of the observations. Although 
the hands were carefully rinsed, controls were made with a small amount 
of soap left on the skin, but no inhibition was obtained. 

OBSERVATIONS 

All the inhibition tests are summarized in table 1. This table shows 
that by this method definite inhibition of bacterial growth ma}' occur. 

Table 1. — Sitvimary of All Tests of Inhibition of Normal Human Skin 


Total Number of Inhibition Zones Round Total 

No. of ^ Total Inhibitions 


per , * , ! ’ , of Xiun- Per 

Organism Person 1 2 3 1 2 3 Tests ber Cent 

Staphylococcus aureus 

Old 30 2 1 8 5 11 4 ISO 31 mz 

New SO 1 0 2 0 5 2 180 10 5.5 

B. PTOdigiosus SO 0 0 2 2 16 9 180 29 16.1 

B. pyocyaneus SO 0 0 1 3 4 0 ISO 8 4.4 

Proteus 30 2 0 0 1 0 0 180 3 1.6 

Colon group 

Eseherichia no. 3 13 1 0 2 1 6 0 90 10 11.1 

Escherichia no. 4 15 7 3 7 1 7 5 90 SO 33.3 

Aerobaeter no. 8 10 0 0 0 0 2 2 60 4 5.5 

Aerobacter no. 9 10 0 0 0 0 2 2 60 4 6.6 

Aerobaeter no. 10 10 0 0 0 3 0 0 60 3 5.0 

B. subtilis, spores 30 9 9 12 8 14 11 180 03 

B. anthracis, spores .. .. 4 .. .. .. 4 4 (100) 

Total 240 22 13 38 24 67 33 1,444 199 13.7 

0.1% 5.4% 15.5% 10% 27.9% 15.4% 


but that such inhibition is far from constant. Thus, in 1,444 tests, 
inhibition was obtained in 199 instances or 13.7 per cent. Moreover, 
the action of the skin differed markedly with different organisms, vary- 
ing, in the comparable series, from inhibition in 34 per cent of the 
tests with the gram-positive, spore-forming bacillus to inhibition of 
only 1.6 per cent of the tests with Proteus. 

These variations in the action of skin on different organisms offer 
certain striking exceptions to the usual behavior of lethal agents on 
bacteria. Thus, with anthrax spores, tests made on four different days 
showed in all cases an actual killing of these spores, which are notably 
resistant to other lethal agents. Although the number of tests with 
anthrax spores was small, these observations were confirmed with the 
gram-positive, sporulated bacillus, with which more inliibitions were 
obtained than with any other organism. Inhibition was noted in 63 
cases, or 34 per cent of the ISO tests done with this organism, while 
with all the vegetative forms .studied, the incidence of inhibition was 
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lower. With one exception, a colon group bacillus, ]!.scliei iclha no. 4, 
which was inhibited in one tliird of its tests, there was a sti iking 
difference between the spore-forming and the vegetative cells, none of 
which, with this one exception, was inhibited in moie tlian 1/.2 per 
cent of the tests. The results with skin inhibition, therefore, in regard 
to spores and vegetative cells, are exactlj' the opposite of those noted 
with the usual chemical and physical means of disinfection, d he stiains 
used m this study have been carefully tested to be sure that the}' are 
not atypical in this respect. 

In regard to the vegetative forms, the most resistant was Proteus. 
Bacillus p)’ 0 C 3 'aneus paralleled in these tests its known high resistance 
to chemical disinfection. Within the colon group of bacilli the simi- 
larity to chemical disinfection was close. It has been shown by one 
of us (Hill) that varieties of the genus Escherichia, that is, B. coli 
and closely related forms, are much more influenced by chemicals than 
those of the genus Aerobacter, that is, B. lactis-aerogenes and similar 
organisms. In the present study, the two Escherichia strains tested were 
inhibited in 40 cases, or 22.2 per cent of the tests. There was, however, 
a sharp difference between the two strains. With the three Aerobacter 
strains, the results were uniform, but the incidence of inhibition, 6 per 
cent, was much lower than in the case of Escherichia strains. Marked 
difference between the two strains of Staphylococcus aureus was noted, 
as the old strain was inhibited in 31 cases, or 17.2 per cent of the tests, 
while the strain freshl}' isolated from a furuncle was inhibited only 10 
times, or in 5.5 per cent of the tests. It would be interesting to determine 
the relation, if any, between the incidence of inhibition and the virulence 
of an organism. 

In regard to the variations of different individuals, there were 240 
comparable tests made by each of the 6 subjects. The maximum inci- 
dence of inhibition for an individual was 27.9 per cent; the minimum, 
5.4 per cent. The Avoinen inhibited in 15.5, 9.1 and 5.4 per cent of their 
tests, the men in 2/ .9, 15.5 and 14,5 per cent. The total number of 
cases of inhibition, therefore, was 69, or 9 per cent of the 720 tests made 
by women, and 123, or 17 per cent of the same number made by men. 

Tests were made with the 10 fingers of a subject on the same day 
to determine possible differences in them. The results are summarized 
m table 2. These figures represent the maximum widtii and length of 
the zones of inhibition. It is probable that there is a mathematical rela- 
tion between the area of the print, the number of organisms and the 
amount of inhibition, but until we have some method of measuring the 
variable amounts of inhibitor}- substance present, this cannot be 
determined. 
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In view of Fleming’s ■* work on the bacteriolytic element or lysozyme 
which he was able to demonstrate in many different tissues, we per- 
formed a number of tests to demonstrate any possible lytic action of 
normal human skin. Fleming, working with Micrococcus lysodeikticus, 
an organism particularly susceptible to lysis, reported that a 1 : 100 
skin extract gave an incomplete lysis of the test organism in one hour, 
a small degree of lysis as compared with the action of tears, nasal mucus 
and some other substances tested. Fleming and Allison ^ believe that 
the difference is not due to a dift'erent lysozyme in diff'erent tissues but 
to quantitative variations. We tried a few experiments by Fleming’s 
method, i. e., putting a thin layer of agar over a plate that had been 
inoculated the day before, and making fingerprints on top of the second 

Table 2. — Diameters of Zones of Inhibition 


Right Hnnci, Cm. Left Hand, Cm. 


Thumb 3.2 X 3.G 3.3 X 4.4 

Forefinger 3.0 x 3.1 2.0 x 3.0 

Hiddle finger 3.0 x 3.1 3.2 x 3.5 

Fourth finger 3.3 x 3.4 2.8 x 3.2 

Little finger 3.2 x 3.3 3.3 x 3.G 


Table 3. — The Baetcriolytic Aetion of Normal Human Skin 


Total 


Organism 

Number of Complete 
Tests Lysis 

Partial 

Lysis 

No Lysis 

Gram-positive spore former (B. subtilis) 

23 

1 

0 

20 

Staphylococcus aureus (2 strains) 

24 

1 

0 

23 

B. prodigiosus 

4S 

1 

4 

43 

Escherichia 

6 

0 

0 

G 

Aerobacter 

o 

0 

0 



103 

0 

1.97o 

6 

5.8% 

94 


layer. After the second incubation of such plates, readings were difficult 
when the skin inhibited growth in the top layer, without lysing colonies 
in the lower layer. We therefore preferred to make fingerprints 
directly on incubated plates, as this in no way altered the appearance 
of the plates except when lysis occurred. Our experiments on lysis are 
reported in table 3. 

It is seen from table 3 that the presence of a lytic substance in the 
skin was rare. In 103 tests, with 5 organisms, complete lysis was 
obtained only three times, twice with the spore-forming bacillus and once 

4. Fleming. A.: Proc. Roy. Soc., London, s. B, 93:306, 1922. Fleming, A., 
and .\lli.‘!on, V. D. : Brit. J. E.xper. Path. 3:252, 1922. Fleming, A.: Lancet 
2:217 (Feb. 2) 1929. 

5. Fleming, A., and Allison, V. D.: Proc. Roy. Soc., London, s. B, 94: 
1922-1923. 
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with B. prodigiosus (fig. 3). There were G cases of partial lysis, in 
which there was a definite diminution of the number of colonics, but 
without complete disappearance of the growth, hleming and Allison'' 
believe that lysis due to the action of a lysozyme is not attributable 
to a phage. It is interesting to note that the skin may on a given day 
kill the bacteria present in an unincubated plate, but at the same time 
be unable to dissolve colonics of the same organism. Whether the 
skin has at least two types of action on bacteria or the difierence is only 
quantitative can only be conjectured at this time. 

No evidence was obtained of any' variations during the two menstrual 
cycles covered by these experiments, although Fisher “ has made some 



Fig. 3. — Bacteriolysis, Tlie plate had been seeded with B. subtilis spores, incu- 
bated for eighteen hours, after which the entire plate showed heavy growth. The 
fingertip was left in contact with the surface of the culture for five minutes, and 
the plate was again incubated for eighteen hours, after which a perfectly clear 
zone was found, extending slightly beyond the print and through the depth of the 
medium. 

V 

observations in regard to this aspect of the problem. It seems that a 
much larger series would have to be studied before definite conclusions 
could be drawn. If an increase of inhibitive action was shown during 
menstruation, the observation might well be correlated with the work 
of Macht and Lubin ■ on the menotoxin. 


6. Fisher. V.: Proc. Soc. Exper. Biol. & yfed. 28:952, 1931. 

7. Macht, D. I., and Lubin, D. : J. Pharmacol. & Exper. Therap. 22:413, 1924, 
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sia, below tlic values taken as normal and then a gradual increase on 
further etherization. Alidiler ■ found that in man ether anesthesia 
produced a continuous rise in blood cholesterol proportional to the 
duration of the anesthesia. His longest period of anesthesia was one 
hundred minutes. He found no rise under nitrous oxide-oxygen anes- 
thesia. Lattes found no rise from chloroform anesthesia. Manceau “ 
reported a slight rise in the blood cholesterol of monkeys from both 
chloroform and nitrous oxide anesthesia. Ginesty found the blood 
cholesterol lower after barbital anesthesia than it was beforehand. 
However, no determinations were made during narcosis. Recently, 
Gray “ reported a definite rise in blood cholesterol after three weeks 
of repeated administrations of chloroform. 


TECIIXIC 

Both dogs and rabbits were used in the experiments. Avoiding 
excitement as much as possible, the dogs were tied on their backs to 
an operating table. The femoral vein was exposed under 2 per cent 
procaine hydrochloride anesthesia. The dogs were kept quiet b}' petting 
and if excited were quieted for from twenty to forty minutes before 
the experiment proceeded. Approximately 1 cc. of blood was drawn 
from the exposed vein, twice in succession, and both samples were 
run in duplicate as normal blood cholesterol values. Ether anesthesia 
was instituted by the use of the ordinary closed dog mask attached 
to an ether bottle. The amount of ether given was kept constant, 
varying only with each dog initially, and in most instances producing 
complete relaxation without loss of the corneal reflex. One cubic 
centimeter of blood was drawn at intervals varying from every few 
minutes to every half hour. All samples were run in duplicate. The 
ether experiments in dogs covered periods of anesthesia up to ten 
hours. Rabbits were treated in the same manner except that they 
were placed in ordinary rabbit boxes and blood was drawn from the 
ear vein without local anesthesia. The ether was administered through 
a similar smaller apparatus. Anesthesia was continued for from 
four to six hours. Sackett’s modification of Bloor’s method was 
used for the determination of the blood cholesterol values. This 
method requires but 0.25 cc. for each determination, so that the amounts 
of blood used eliminated any great hemorrhage factor. The total 
cholesterol of the whole blood was determined. In the experiments 

7. Mahler, A.; J. Biol. Chetn. 69:653, 1926. 

8. Lattes, L.: Arch. f. exper. Path. u. Pharmakol. 66:132, 1911. 

9. Manceau, P. : Compt. rend. Soc. de biol. 92:1507, 1925. 

10. Ginesty, Lassalle and Meriel; Compt. rend. Soc. de biol. 91:1399, 1924. 

11. Gray, S. H.: J. Biol. Chem. 87:591, 1930. 

12. Sackett, G. E.: J. Biol. Chem. 64:203, 1925. 
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in whicli tlic hlnod suLjar was incastircd also, an extra cubic cciUiniciUcr 
of blood was drawn each time for the snt;ar tlelerminations. Byrd’s'" 
modifKation of the I'olin melbod for the determination of blood sngar 
was employed, with the additional modification that 1 cc. of blood was 
used instead of 0.1 cc.. and other solutions in corresponding amounts. 

Experiments with chloroform were condticted in a similar manner, 
this anesthetic being substituted for ether in the ether bottle. Animals 
were anesthetized for as long as ten hours. .Similar experiments were 
performed under nitrous oxide and ethylene anesthesia, using an appa- 
ratus to which was attached an ordinary dog mask containing an 
expiratory valve. Anesthesia was continued for from four to si.x 
hours with ethylene, and up to nine hours with nitrous oxide. 


n.\T.\ 


1. Blood Cholesterol . — Ether .Anesthesia in Rabbits: The experiment 
was performed on six rabbits. The blood cholesterol values taken as 
normal varied from 60 to 96 mg. per hundred cubic centimeters of blood. 
Blood was drawn every fifteen or thirty minutes after the initiation 
of ether anesthesia. The changes in blood cholesterol values are shown 
m chart 1, on which is represented the amount of change from the 
normal value for each rabbit. The results of three typical experiments 
are charted, together with an average curve of the changes in all six 
rabbits averaged for each time period. It will be noted that the blood 
cholesterol began to rise rapidly with the advent of anesthesia and con- 
tinued to do so for from forty-five to sixty minutes. Continued 
anesthesia- was not accompanied by a further rise, but the hyper- 
cholesteremia began to decrease somewhat less rapidly than it rose, 
and then more slowly continued to drop toward normal, reaching it 
after about four hours of anesthesia. The peak of hypercholesteremia, 
then, is seen to occur after approximately one hour of anesthesia, 
t e amount varying from 38 to 100 mg. above the normal. 

Ether Anesthesia in Dogs ; Ten dogs were used. The values taken 
as normal ranged between 130 and 150 mg. per hundred cubic centi- 
meters of blood. In five dogs ether anesthesia was slowly induced to 
such a degree as to produce complete relaxation but not to such an 
extent as to abolish the corneal reflex (surgical anesthesia). The 
amount of ether given was then kept constant. Blood was drawn as 
... Three typical examples of the blood cholesterol changes are 
ustrated on chart 2a ; the values represent the changes from the 
determined for each dog. The blood cholesterol was found 
o uctuate more than in rabbits, but a similar change is seen. A peak 
le h} pe rcholesteremia occurs after from thirty to ninety minutes 

T- L.: J. Lab. & Clin. Med. 2:67, 1925. 
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Chart 1. Changes in the blood cholesterol of rabbits under ether anesthesia. 




Chart 2. — Changes in the blood cholesterol of dogs under ether anesthesia. 
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01 ancstlK'.>-ia ; llu ii a ;,M;u!!iai n lnin loxvaiW llu’ norinal, approncliiiig' 
it after ahoiii live lumrs <>f aneslla-.'-ia. 'I'liis is host illustrated by 
plotliiijr a curve from the average «u' all live do,':s for each time period, 
chart 2c. 'I'lic chaiiite from iioruial is l<’ss in d<n;s than in rabbits, the 
highest point nf hyjH’rchole'-ieremia varyiuc from I^S in >12 mg. J be 
blood cliolcsterol was found l<i be sensitive m amounts of ether given. 
If, at any point during the eN]'.eriment. the amount of ether was 
increased, a rise in the blood cho]e,>-terol followed. "Ihis is illustrated 
in chart by the terminal rise in dogs rhie to an increase in the rate 
of anesthesia to hill the animals, and by tin; secondary rise in blond 
cholesterol after an increase in the depth nf anesthesia in both dogs 
and rabbits. Other examples are included in the biter section on changes 
in the blood sugar. 

TT»; 



In three dogs the anesthesia was given much more rapidly, laigei 
^lonnts of ether being given to produce rapid and deep anesthesia, 
lart 2b shows a more rapid rise than in surgical anesthesia, a peak 
eing reached in from five to ten minutes, and a more rapid, drop 
toward normal, which is reached after about an hour of anesthesia, 
ch^^ of these dogs shows a higher peak as well as a more rapid 

Two dogs subjected to smaller quantities of anesthetic, so that only 
^ tial lelaxation was obtained and reflexes were very active, showed 
nnch lower peak and much more fluctuation. 

1 oiofonn Anesthesia; Eight dogs were used. Again three t)^pical 
^•■Periinents are illustrated (chart 4), together with the composite 
averaged from the changes in all eight dogs. The values taken 
’tanged from 127 to 200 mg. per hundred cubic centi- 
^ blood, some of which are probably higher than the true 
"■•al for the dogs. If determinations were made during the first 
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few minutes of anesthesia, the blood cholesterol was found to fluctuate 
somewhat, even falling below the values taken as normal, especially if 
it was rather high. The curves are plotted, using fifteen minutes after 
the introduction of anesthesia as the initial point of change. A gradual, 
continuous rise in the blood cholesterol occurred, proportional to the 
length of anesthesia. Three dogs allowed to recover after the experi- 
ment showed a continuing rise in blood cholesterol for at least twent}-- 


mj 

+ N D09I2 



Hours 123456789 10 

Chart 4. — Clianges in the blood cholesterol of dogs under chloroform anesthesia. 
The heavy black line shows the average for eight dogs. 



(c) Nitrous oxiia. anesthesia. (.i) Morphine plus nitrous oKiAe a-ncsth 



Chart 5. — Changes in the blood cholesterol of dogs under (a) ethjlene, ( 
morphine plus ethylene, (c) nitrous oxide and ((f) morphine plus nitrous ox 
anesthesia. 

four hours. After a week, however, the values were down to normal 
limits. Table 1 gives the essential figures for one of these experiment 
Ethylene and Nitrous Oxide Anesthesia: Eth 3 ’lene-ox} gen 
thesia alone was found to be rather poor for dogs. It was somew 
difficult to secure a state of good relaxation, and a concenWatio 
95 per cent ethylene to 5 per cent oxt’gen was lequired. ne » 
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were used. Tlie results in tlirec arc charted (chart 5) for tlic first 
four liours. There was no great cliange in tlie blood cholesterol at any 
IJeriod, but a moderate fluctuation was constant. Two dogs given 30 
mg. of morphine suljfliate suhcutancousl}' about lialf an hour before 
tlie experiment sliowed mucl'i less fluctuation (chart Sh). 

Nitrous oxide-oxygen anesthesia was found to be even less satis- 
factory as an anesthetic for dogs; 95 per cent nitrous oxide to 5 per 
cent oxygen was used. It was difficult to abolish voluntary movements 



Chart 6. — Changes in the blood sugar and blood cholesterol under ether 
anesthesia. 

Table 1. — Changes in Blood Cholesterol in Chloroform Anesthesia (Dog 16)* 


Cliolc'terol, 
Ml'. per too Cc. 


Ti li/ol: 1:10 p.in. XormnI Mood cholesterol 210 

7:13 p.ni. After C'i hours of chlorolorm iinc.sthesi.n o^q 

.■i/l." 01: 7:S0p.in. Twentr-four hours after anesthesia oAi 

.3/19 31: 2:23 p.iu. One uecl: after anesthesia 2(>5 


• A Math male terrier; ueiplit, 3P.9 r\P. 
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and alniosl impossible to secure complete relaxation. The fluctuations 
were greater than with ethylene (chart 5c), but here, too,, there was 
no great or constant change in the blood cholesterol. Morphine, given 
beforehand, diminished the fluctuation markedly and resulted in a 
minimal change from the normal (chart Sd). 
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Chart 7. — Changes in the blood sugar and blood cholesterol under (a) ethylene 
and nitrous oxide anesthesia, and (b) chloroform anesthesia. 

Excitement : As has been indicated, some of the changes in blood 
cholesterol were thought to be due to something other than the anes- 
thetic. On numerous occasions blood drawn when the animal was 
excited from tying, etc., showed higher cholesterol values than suc- 
ceeding samples taken after the dog had been quiet for some twent} -fi' e 
minutes. These changes are shown in table 2. Table 3 shows the 
changes taking place in a dog before and after excitement from pla> in? 
and fighting. Excitement was accompanied by a hypercholesteremia 
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averaging about 10 mg. above tbe normal. Table 4 illustrates similar 
changes in rabbits with relation to excitement. 

2. Blood Sugar . — Ether Anesthesia: On two dogs the changes in 
blood sugar were followed with the blood cholesterol changes. Chart 
6 illustrates tbe changes in tbe two blood constituents. The blood sugar 
rose rajiidly to reach a peak within the first hour of anesthesia, and 
then gradually fell toward normal. The blood cholesterol, changing 
much less, showed a slightl}- slower but similar response. Dog 33 also 
illustrates the effect of changes in the depth of anesthesia. After 
one and a half hours of anesthesia, the amount of ether being given 
was slightly increased. At the end of three hours of anesthesia, the 
ether bottle was refilled, resulting in a temporary increase in the amount 
of anesthesia given. The corresponding rise in both blood sugar and 
blood cholesterol values is apparent. 

Other Anesthetics : Under chloroform anesthesia the change in blood 
sugar was similar to that under ether: a rapid rise and a gradual fall 
to normal, in spite of the fact that the blood cholesterol continued to 
rise (chart 7b). Under ethylene and nitrous oxide anesthesia the blood 
sugar showed the same rapid rise, with subsequent fluctuation about this 
elevated point (chart 7a). 

Excitement: Table 3 demonstrates the rise in blood sugar after 
excitement not related to anesthesia. 

COMMENT 

Mann ® suggested that the initial rise in blood cholesterol under 
ether anesthesia might be due to excitement. Excitement must play 
some part in the hypercholesteremia. Lyons has recently reported 
an emotional hypercholesteremia in cats : an increase in blood cholesterol 
of from 25 to 30 per cent after from twenty to forty minutes of excite- 
ment. This change was absent after the removal of the sympathetic 
nervous system. But this factor does not seem to be entirely respon- 
sible. The excitement stage under all the anesthetics used was similar, 
yet the rise of blood cholesterol under ether was greater than under the 
others. Then, too, excitement without anesthesia produced less change 
than occurred with the anesthesia. Dog 11 (chart 3) received barbital 
before the ether anesthesia. Excitement was eliminated, and the rise 
was less marked but not absent. Dog 4 (table 2) was anesthetized imme- 
diately after the excitement experiment, and by comparison with chart 
2b it will be seen that ether anesthesia was accompanied by a greater 
h 3 ’percholesteremia than occurred with excitement in the same dog. 

14. Lyons, C. : Am. J. Physiol. 98:156, 1931. 
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The fact that l)lo(xl sugar rises under anesthesia is well established. 
All authors do not agree as to the type of change. Macleod *■' thought 
that the changes in the dextrose content of the blood from anesthesia 
were slight. Ross and McGnigan stated the increase in blood sugar 
to be general and consistent, and demonstrated a continuance of the 
high sugar content of blood after the cessation of anesthesia. Their 
periods of anesthesia lasted two hours. Examination of their tables 
shows some values still rising after two hours, but others have already 
reached a peak at one hour and are lower after two hours. The after 
rise may be associated with excitement as consciousness returns. San- 
sum and Woodyatt,^" working with phlorizinized dogs, found an initial 
increase in blood sugar with ether and with 'chloroform, followed by 
a fall. Nitrous oxide failed to produce such changes. Mahler ^ reported 
a continuous rise in blood sugar under ether anesthesia for periods of 
one hundred minutes. Mackay and Dyke found a rapid initial rise, 
with a gradual return to the original level. Trout has reported a 
postoperative increase in blood sugar after twenty minutes of ethylene 
anesthesia. 

The cause of the hyperglycemia is still more disputed. In 1910, 
Macleod and Pearce demonstrated a reduction in the glycogen content 
of the liver following ether anesthesia. Shaffer thought that the 
rise in sugar was due to excitement and asphyxia, but King, Moyle 
and Haupt -- had previously eliminated asphyxia by producing the 
anesthesia by intravenous injection of ether, and still obtained a hyper- 
glycemia. Ross and McGuigan felt that the effect, was not due to 
excitement or asphyxia but to the ether itself acting as an activator on 
liver glycogen, permitting the action of diastase on it. However, 
Stewart and Rogoff,®® working with adi'enalectomized rabbits, found a 
greater increase in blood sugar from asphyxia superimposed on ether 
anesthesia than from the anesthesia alone. Ross and Davis suggested 
that ether hyperglycemia might be due to depression of the internal 
secretion of the pancreas, and Mahler ' used this theory to explain the 
absence of the rise in blood sugar on the subcutaneous injection of 

15. Macleod, J. J. R. : Diabetes: Its Pathological Physiologj-, New York, E. 
Arnold, 1913, p. 1S7. 

16. Ross, E. L., and McGuigan, H. : J. Biol. Chein. 22:407, 1915. 

17. Sansum and Woodyatt; J. Biol. Chem. 21:1, 1915. 

18. Mackay, R. L., and Dyke, S. C. : Brit. J. Anrcstli. G:61, 1928. 

19. Trout, H. H. ; Anestli. & .-tnalg. 8:269, 1929. 

20. ilacleod, J. J. R., and Pearce. R. G. : ..Xm. J. Physiol. 27:341, 1910-1911 

21. Shaffer, P. A.: J. Biol. Cheni. 19:297, 1914. 

22. King, Moyle and Haupt; J. Exper. Med. 1G:17S, 1912. 

23. Stewart, G. N., and Rogoff. J. M. : T. Pharmacol, ft Exper. Thcrap 15-'’38 

1920. ■*' ’ 

24. Ross, E. L., and Davis, L. H.; Am. T. Physiol. 53:391. 1920. 
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insulin previous to anesthesia. Puss-’'’ Ijclieved ether hyperglycemia 
clue to mobilization of sugar from the liver. Rosenthal and Bourne-® 
found that hepatic function was diminished after anesthesia, and 
Cantarow and Gehrct cited clinical material demonstrating that 
patients with liepatic disease do not show a rise in blood sugar under 
ether as other patients do. 

It seems most probable that the hyperglycemia is due to increased 
hepatic glycogenolysis. Ether itself must play a part in this process, 
since it is accompanied by a rise so markedl}' greater than that of excite- 
ment alone. The hyperglycemia occurring in chloroform, ethylene and 
nitrous oxide anesthesia is much less in amount and may very well be 
due to e.xcitement, which alone can lead to a rise in blood sugar equal 
to that from these anesthetics. It has been shown that in ether anes- 
thesia the changes in blood sugar and in blood cholesterol tend to 
parallel each other. Then, if the change in blood sugar is due to 
increased mobilization from the liver, may not at least part of the 
increased amount of cholesterol in the blood have the same origin? 

Insulin prevents the rise of both these blood constituents under 
anesthesia. Remesow and his co-workers have recently found that 
while cholesterol leads to glycogenolysis in the liver, cholesterol plus 
insulin results in the storage of glycogen in the liver. In anesthesia the 
effect may be due, as stated, to a suppression of the internal secretory 
function of the pancreas, and if insulin is given artificially it may nullify 
the glycogenolysis by its power to increase storage. 

However, the h)’^percholesteremia cannot be attributed entirely to loss 
of lipoid from the liver. Other organs also release cholesterol into the 
blood. Manceau ® reported a considerable diminution in the cholesterol 
content of the adrenal gland from chloroform anesthesia. After the 
administration of ethyl alcohol to dogs over a period of days, Duc- 
ceschi found a constant decrease in the cholesterol content of the 
adrenal gland averaging 40 per cent, and sometimes a decrease in other 
organs, such as the testis. 

The gradual drop in hypercholesteremia after an hour’s anesthesia 
may be due to the gradual lowering of the amount of cholesterol easily 
separated from the tissues. Since ether does not produce much toxic 

25. Fuss, H.: Klin. Wchnschr. 9:410, 1930. 

26. Rosenthal, S. M., and Bourne, W. : The Effect of Anesthetics on Hepatic 
Function, J. A. M. A. 90:377 (Feb. 4) 1928. 

27. Cantarow, A., and Gehret, A. M. : Ether Hyperglycemia, J. A. M. A. 
96:939 (March 2) 1931. 

28. Remesow and Matrossowitsch : Ztschr. f. d. ges. exper. Med. 77:67, 1931. 
Remesow, Matrossowitsch and Sepalowa: ibid. 77:100, 1931. 

29. Ducceschi, V.: Arch. ital. de biol. 70:93, 1920. 
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(icgcncmtion. cliok’stevfil iinm that .'••mice is not like tat cm I. aiirl as 
rcniovaltlo choU'stcTdl diniinivlifs in tlic tissues, lltc hlnod clinlcstcrol 
falls to or hetlow normal. 

Ihc change in the cholesterol content in chloroform anesthesia is 
more easily e.xjiljiined. The initial changes are of the same magnitude 
as the changes with eNcitement. and may he attributed to that factor 
(dog 18. table 2). 'J'lic gradual hut continuous rise iu blood cholesterol 
^^Ith continuous chloroform anesthesia is, ]ierhaps. the result of to.xic 
degeneration of the liver cells with liberation of the lipoid substances, 
mci easing in amount as the destruction of the tissue proceeds. In 1909, 
Howland and Richards suggested this as the cause of the after rise of 
blood lipoids following chloroform poisoning. 

Ihe fluctuations in blood cholesterol found throughout ethylene and 
nitrons oxide anesthesia are of the same magnitude as those produced 
by excitement and, as with the hyperglycemia, may be attriliuted entirely 
to It, especially since these gases fail to produce a good anesthetic state 
m the dogs. The diminution of the fluctuations when morphine precedes 
the anesthesia also indicates that excitement is the main factor in the 
changes. 

Although it was known that ether anesthesia is attended by a hyper- 
cholesteremia, Mann ® alone noted that this is temporary and is followed 
hy a drop to normal under continued anesthesia. He attributed the rise 
to excitement. This report gives evidence that although excitement is 
a factor, ether itself is responsible for a transient but not continued 
hypercholesteremia, and that the more generally known changes in blood 
sugar are proportional to the lipoid changes. Chloroform anesthesia 
has been reported as producing no rise (Bloor " and Lattes ®), a slight 
rise (Ducceschi'^ and Manceau®) and a great rise (Reicher=) in acute 
experiments. An after rise has been found constantly. The experi- 
ments in this paper show an absence of immediate change but a gradual 
continuous rise proportional to the length of anesthesia. The after rise 
is also noted. Under nitrous oxide anesthesia, Manceau “ found a slight 
rise in the blood cholesterol of monkeys. According to Af abler, ^ patients 
previously given morphine showed no rise in blood cholesterol under 
nitrous oxide. The data here presented show no changes due to nitrous 
oxide. An investigation of the literature revealed no studies of the 
blood cholesterol under ethylene anesthesia. This report indicates that 
ethylene has no effect on the blood cholesterol. 

The differences in previously reported results on changes in blood 
sugar and blood cholesterol under various anesthetics can be attrib 
largely to a factor seldom considered, that of excitement. Shaffer 
Alann ® suggested that excitement affected the blood sugar, and L)'^o 

30. Howland, J., and Richard?, J. : J. Exper. Afed. 11 : 344 ^ 1909 
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showed for the first time (1931) that emotion disturbed the blood 
cholesterol. The experiments reported in this paper demonstrate that 
excitement in rabbits and dogs causes both a h 3 'perglycemia and a hyper- 
cholesteremia, and that the excitement seems to be responsible for the 
changes in blood sugar and the acute changes in blood cholesterol under 
chloroform, nitrous oxide and eth)-lenc anesthesias. 

Chloroform and ether anesthesia disturb the lipoid metabolism, and 
ether affects the carbohydrate metabolism as well. Nitrous oxide and 
ethylene — of more import because of its wider applicability — disturb 
neither lipoid nor carbohydrate metabolism, and seem therefore to be 
more physiologic anesthetics. 

SU.AIM.ARV 

1. Continuous ether anesthesia in dogs and rabbits is accompanied 
by a hypercholesteremia that, in ordinary surgical anesthesia, reaches a 
peak in from sixty to ninety minutes and thereafter gradually diminishes 
in amount, returning to approximate!)' normal limits in from four to 
five hours. 

2. Continuous chloroform anesthesia is accompanied by slight 
immediate change but by a gradual and continuous rise in the blood 
cholesterol proportional to the duration of anesthesia (up to ten hours). 

3. Ethylene and nitrous oxide anesthesias are accompanied by no 
changes in the blood cholesterol other than those explainable by excite- 
ment and imperfect anesthesia. 

4. Excitement is accompanied by a hypercholesteremia. This factor 
increases, but is not entirely responsible for the change found under 
ether anesthesia. It seems to be responsible for initial changes under 
chloroform and for the irregularity in the blood cholesterol values under 
ethylene and nitrous oxide. 

5. Ether anesthesia is also accompanied by a hyperglycemia that fre- 
quently tends to be proportional to the hypercholesteremia. Chloroform, 
ethylene and nitrous oxide anesthesia are accompanied by a hyper- 
glycemia, as is excitement without anesthesia. 

6. Ethylene and nitrous oxide, as anesthetics, seem to be more 
physiologic in their action than ether and chloroform. 
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CONGENITAL DEFORMITIES 

Congenital Malformations of the Hand. — Kanavel,^ in two excel- 
lently illustrated monographs, presented the complex group of con- 
genital malformations of the hand. From a review of the literature 
and of his own cases he concluded that the cases were usually hereditary, 
and that they arose from a defect or an injury to the germ plasm. He 
illustrated the common types and discussed their treatment in detail. 
Any one attempting plastic surgical procedures in these cases should 
be thoroughly conversant with Kanavel’s technic. 

Congenital Dislocation of the Dickson - divided congenital 

dislocations of the hip into three groups according to the age in which 
they occur: (1) those occurring in patients less than 4 years of age, 
(2) those occurring in patients between 4 and 9 years and (3) those 

This report of progress is based on a review of 177 articles selected from 337 
titles appearing in the medical literature approximately between July 30, 1932, 
and Xov. 21, 1932. Only the papers that seemed to represent progress have been 
selected for review. 

1. Kanavel, A. E. : Congenital Malformations of the Hands, Arch. Sure 
2S:1 (July-): 282 (.•\ng.’) 1932. 

2. Dickson. F. D.: Surg.. Gynec. & Obst. 55:81. 1932. 
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occurring in patients over 9 years. lie expressed the belief that in the 
majority of cases in patients under 4 years of age the dislocation can 
be reduced by a closed manipulation, but that occasionally open reduc- 
tion is necessary. It is his opinion, further, that congenital dislocation 
of the hip in children older than 4 years should usually be treated by 
open operation, that many of the dislocated hips in children between 4 
and 9 years can be reduced, and that in some of the children beyond this 
age the hips can be successfully restored to their normal position. Many 
of the hips, however, require some other type of operation, and he 
advocates the shelf operation for the older children. He outlined his 
technic for this operation. Preceding the operation, he applies skeletal 
traction for two weeks. Briefly, a wide anterior approach is used. A 
shelf which extends well anteriorly and posteriori)’’ is turned down from 
the ilium just above the head of the femur. A wedge of bone is taken 
from the region of the anterior superior spine and wedged between the 
shelf and the ilium. The entire operation is performed under traction, 
which is maintained for six weeks afterward. In 21 of 26 shelf oper- 
ations, he obtained good results; 2 patients were improved, and in 
3 the operations were failures. 

POLIOMYELITIS 

Early Diagnosis and Treatment of Poliomyelitis. — Macnamara and 
Morgan,^ as a result of their experience in the treatment of infantile 
paralysis, concluded that it is possible to diagnose poliomyelitis in the 
preparalytic stage. In their cases, the preparalytic stage lasted from 
two to seven days ; rarely was the onset fulminating. The use of 
human immune serum gave excellent results. They insist on the impor- 
tance of examining the cerebrospinal fluid at the bedside of the patient, 
so that serum can be administered immediately if the diagnosis is posi- 
tive. The initial dose of serum was 50 cc., part being given intrathecally 
and part intravenously. If the dose was adequate, the temperature fell 
and the general condition improved. If improvement was not marked 
within eighteen hours, the dose was insufficient, and from 20 to 40 cc. 
more was injected intravenously. Of the series of 133 patients, 7 only, 
in their opinion, were not benefited; they attributed these failures to 
insufficient dosage, or to the delay between the withdrawal of the 
cerebrospinal fluid and the administrations of the serum. 

Poliomyelitis, a Preliminary Report of 98 Cases. — During the 1931 
epidemic of poliomyelitis, 98 patients were studied b)’ Kramer * in the 
Jewish Hospital, Brooklyn. Ninety per cent of the cases were in chil- 

3. Macnamara, J., and Morgan, F. G.; Lancet 1:469 (Feb. 27), 5-7 
(March S) 1932. 

4. Kramer, B.: New York State J. Med. 32:855, 1932. 
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dren less than 10 years of age. A diagnosis was made in 54 cases 
before paralysis appeared. The incidence of paralysis in patients treated 
with convalescent serum was certainly not less than that in the untreated 
patients. The Drinker respirator was used in 10 cases. The author 
concluded that the respirator is of value only in the spinal type of 
paralysis, and not in the bulbospinal or the bulbar type. Forty-six, 
or 47 per cent of the patients, recovered completely. 

[Ed. Note, — Any new treatment passes through a stage of enthusi- 
astic support before a correct appraisal of its value is secured. The 
present opinion regarding the use of convalescent serum seems to be 
somewhat less optimistic than formerly.] 

Epidemic of Poliomyelitis. — ^Peck ® made a statistical report of the 
1931 epidemic of poliomyelitis in New York State; 4,080 cases were 
reported from July 1 to Nov. 1, 1931. Seventy-six per cent of the 
patients received treatment in a hospital. Eleven per cent of the patients 
died, whereas in 1916, 27 per cent died. Paralysis developed in only 
17, or 0.5 per cent of the patients treated in hospitals for contagious 
diseases during the preparalytic stage. Boys were affected more often 
than girls. Fifty-three per cent of the patients were under 5 years of 
age; 31 per cent were under 10 years, and only 3 per cent were over 
20 years. The majority of persons affected were born after the 1916 
epidemic. This, the author thought, spoke for generalized acquired 
immunity. Only 6 of the 4,080 cases could be considered to be caused 
through contact. 

TUBERCULOSIS 

Tuberculous Spondylitis Treated at Bamelwerd, Germany, Bctiveen 
1912 and 1930. — Reinhart ® reviewed the cases of 91 patients with 
tuberculosis of the spine, 74 of whom had been discharged or had died 
and 17 of Avhom were still under treatment at the time of writing. 
Most of the lesions were in the lower dorsal part of the spine or in 
the upper lumbar part. The twelfth dorsal vertebra was most fre- 
quently involved. In 42 per cent of the cases the disease began in 
patients between the ages of 16 and 25. Forty-seven per cent of the 
patients were in the first two decades of life. Fifty-six of the 91 
patients (61 per cent) had abscesses. Men (74.5 per cent) were 
affected more often than women. Thirty per cent of all the patients 
observed and 50 per cent of those with abscesses had fistulas; half of 
the fistulas had followed surgical incision. Deformity was present in 
54 of the 91 patients (59 per cent). Lesions from the seventh dorsal 
to the second lumbar vertebra caused the worst deformities. The 

5. Peck, H. T.: New York State J. Med. 32:854, 1932. 

0. Reinhart, M.: Bcilr. r. Klin. d. Tuberk. 79:745, 1932. 
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severest tyi)es were seen in female patients and in patients in whom 
the condition started in childhood. Pulmonary lesions were present in 
22 patients (24 per cent). Extrapulmonary lesions were found in 
20 of the 91 patients (22 per cent). In 16 of these 20, the spinal 
lesion and the other lesion appeared simultaneoush'. Renal tuberculosis 
and glandular tuberculosis were the commonest. Tuberculous exposure 
in the family was noted in 38 cases, or 41 per cent. The sedimentation 
time was determined in 1 5 uncomplicated cases : in 9 the results were 
normal. Of 21 patients with abscesses, 13 showed marked acceleration 
of the sedimentation time, and only 2 had a normal rate. All varieties 
of treatment were employed, but mainly conservative. In 12 patients, 
spinal fusions were performed. The author was of the opinion that 
the statistics of the deformity and mortality were unaltered by the 
operations in these few cases. The conditions of the 72 patients who 
were discharged were as follows: clinically healed, 47 (55.3 per cent) ; 
improved, 10 (13.9 per cent), and unimproved, 11 (15.3 per cent). 
Four patients died at the hospital (5.5 per cent). Of twenty-six patients 
with closed abscesses, 4 (IS per cent) died. The author agreed with 
Calot that scalpel opening causes a catastroplie. Of the 58 patients 
still living, 46 were capable of full Avork; 8 Avere capable of limited 
labor, and 4 Avere incapable of labor. 

Culture of Tubercle Bacilli from Blood According to Lbwenstein’s 
Method in Tuberculosis of the Bones. — ^Urgoiti,’^ folloAving in a general 
Avay the method devised by LoAvenstein, attempted to culture tubercle 
bacilli from the blood of patients suffering from tuberculosis of the 
bones. A tuberculous bacillemia was believed to be present in cases in 
Avhich there Avas actiA^e tuberculosis. The author described in detail the 
technic used. In 26 of 67 cases of tuberculosis of the bones, cultures 
of tubercle bacilli Avere recovered from the blood. There Avere 10 posi- 
tiA^e cultures in 20 cases of pulmonary tuberculosis. 

Tuberculous Bacillemia. — Gualdi ® used the method of Ldwenstein in 
attempting to isolate tubercle bacilli from the blood of patients Avho 
AA^ere suffering from A^arious forms of tuberculosis. A number of 
studies Avere also made on patients Avith rheumatic infections. The 
author was able to obtain only 1 positiA^e culture of tubercle bacilli in 
30 tuberculous patients. All of the blood cultures in cases of rheumatic 
infection Avere negatwe. The difficulty of isolating tubercle bacilli from 
the blood Avas stressed. The author did not feel that his results indi- 
cated the absence of tuberculous bacillemia. 

7. Urgoiti, A,: Beitr. z. Klin. d. Tuberk. 80:480, 1932. 

8. Gualdi, A.: Policlinico (sez. chir.) 39:493, 1932. 
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[Ed. Note.— The recovery of tubercle bacilli from the blood in 
tuberculosis of the bones and joints is of considerable importance and 
stresses the importance of both general and local measures in treatment.] 

Roentgen Signs of Tubcvculosis of the Vci'tchval Body. ^Daub and 
Badgley ^ studied the roentgen appearance of the vertebral body in 100 
cases of tuberculosis of the spine. They were able to distinguish three 
types of lesions : a central type, an intervertebral articular type and an 
anterior type. The central type showed the lesion in the midportion of 
the vertebral body. Infection occurred most probably through the 
posterior spinal arteries. This was the usual type observed in children. 
It was more common in the dorsal region. Collapse of the vertebral 
body and severe deformity were observed chiefly in this type. The 
intervertebral articular type of infection probably occurred through the 
epiphyseal arteries. The infection was chiefly on the disk side of the 
vertebral body. Here a spread to the intervertebral disk occurred early 
with rapid narrowing of the disk, while the vertebral body remained 
intact until late. This type was more common in the lumbar region. 
In the anterior type the infection was along the anterior surface of the 
vertebral body. The infection probably spread through the intercostal 
arteries. The author found narrowing of the intervertebral disks to be 
the earliest and most constant sign of vertebral tuberculosis. Abscess 
was the most common complication, occurring in 84 per cent of the 
cases. Double lesions with intervening normal vertebrae were found in 
10 per cent of the patients. Tuberculosis in other parts of the body 
was seen in 52 per cent of the patients. Pulmonary tuberculosis was 
present in 24 per cent of the patients. 

[Ed. Note. — Several of the editors have observed these three types 
of vertebral lesions in tuberculosis, but they have considered the central 
type to be the least common, especially in children.] 

PYOGENIC INFECTIONS 

Maggots in Osteomyelitis. — Buckman and Blair carried on Baer’s 
method of treatment of osteom 3 'elitis bj’’ means of maggots, with certain 
modifications. Their work has contributed definitely to the clinical and 
laborator}' technic and to the knowledge concerning this procedure. 
They concluded that maggots do not eat, destroy or remove dead bone, 
and that for this reason operative treatment should be adequate. They 
suggested that the proliferation of healthy granulation tissue is due to 
the mechanical stimulation of the incessantly crawling maggots. They 
concluded that the treatment, though more costN, is not so time-con- 

9. H. P., and Badgley, C. E.: Am. J. Roentgenol. 27:827, 1932. 

10. Buckman, J., and Blair, I, E.; Surg., Gynec. ft Obst. 55:177, 1932.”' 
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suming as dakinization and is superior to the “Orr technic” in that 
healing takes place more rapidly, gives better scars and does not, as a 
rule, necessitate prolonged periods of immobilization in plaster of paris. 

Pathologic Fractures in Osteomyelitis. — Capener and Pierce called 
attention to the not infrequent occurrence of fractures following osteo- 
myelitis, and stated that at the University of Michigan this complication 
had occurred in 1.66 per cent of 1,086 cases, and that the fractures 
represented one third of all pathologic fractures of the long bones. 
Delayed recognition of the disease with subsequent diaphyseal sequestra- 
tion, long-standing atrophy from disuse and overzealous removal of 
bone when “saucerizing” a cavity were considered the chief causes 
of such fractures. The authors emphasized the importance of prevent- 
ing these disasters b}'’ splinting the extremity during convalescence. 

[Ed. Note. — In view of the frequency of pathologic fracture in 
osteom 3 'elitis, it is important to emphasize that the presence of the dis- 
ease is not incompatible with healing of the fracture. Union has been 
obtained b}'' prolonged splinting in the experience of several of the 
editors.] 

NEOPLASMS 

Skeletal Metastascs in Hypernephroma. — Lehmann,^- in an exhaus- 
tive review of the Germanic literature on metastasis in hypernephroma, 
called attention to several important aspects of the problem. It was 
Helferish who in 1887 reported metastases to the bone as the first S 3 'mp- 
tom of a silent tumor of the kidney, occurring long before the primary 
renal tumor occasioned any attention. The occurrence of such distant 
metastases, often solitary for a long time, has led to their excision, 
sometimes with the impression that the 3 ' were primary tumors of the 
bone, and sometimes with a knowledge of their true character. If the 
solitary metastasis and the primary tumor of the kidney are both 
excised, life in certain cases may be definitely prolonged. In a follow-up 
study of 9 patients so treated, the duration to death was found to be 
one year in 1, one and one-half 3 '-ears in 1, two 3 ^ears in 3, from five to 
six 3 ^ears in 3 and twelve 3 ^ears in 1, The author believes that at least 
one third of the cases of metastases from h 3 "pernephroma were cases 
of solitary metastasis at first. He was inclined to attribute the fre- 
quency of metastasis to the flat bones to the narrowness of the capillaries 
in the red marrow present in the flat bones of the adult. 

Osteitis Fibrosa. — Lang stated that osteitis fibrosa is a secondary 

condition of the bone dependent on circulator 3 ’- disturbances in bones 

11. Capener, N., and Pierce, K. C. ; J. Bone & Joint Surg". 14:501, 1932. 

12. Lehmann, W. : Arch. f. klin. Chir. 170:331, 1932. 

13. Lang, F. J.: Am. J. Path. 8:263, 1932. 
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following either trauma without tearing of the periosteum or functional 
bending and cracking of the skeleton because of insufficient calcification 
(rickets, scurvy and osteomalacia). Occasional occurrence of osteitis 
fibrosa associated with tumors of the parathyroid gland does not contra- 
dict the concept which regards osteitis fibrosa as a secondary process 
in bone dependent on osseous circulatory disturbances. 

[Ed. Note. — The concept that osteitis fibrosa and giant cell tumors 
are due to functional circulatory disturbances is not new. Of great 
importance, however, is the emphasis placed on the occasional but not 
constant association of osteitis fibrosa and tumors of the parathyroid 
gland.] 

Giant Cell Tumor. — Kirklin and Moore reviewed the roentgen 
appearance in 86 proved cases of giant cell tumor and classified them 
into two types: 1. The first was the usual variety described in all 
textbooks as a central tumor situated most often in the end of a long 
bone, exhibiting trabeculation and expanding, but not breaking through 
the cortex. 2. “Trabeculation was conspicuously absent. The roent- 
genograms gave evidence of homogenous lysis of the affected area: the 
cortex was not only expanded but was dissolved wholly or in part, and 
the tumor projected into the soft tissues. This variety might be mis- 
taken for primary sarcoma or a massive metastatic growth.” 

Roentgen Treatment of Giant Cell Tumor. — Pfahler and Parry 
reviewed the roentgen treatment of giant cell tumors in 26 cases; 
1 patient was reported as being the first one (1906) ever to be treated 
in this way. They concluded that fractional dosage with high voltage 
roentgen rays is the method of choice and is superior to surgical inter- 
vention or to a combination of the two. All of their patients gave a 
satisfactory response, and none died of a malignant process. 

Peirce^® reported 2 cases of apparent malignant degeneration of 
giant cell tumors. He agreed with Pfahler and Parry as to the 
treatment. 

[Ed. Note.— Opinion is still divided as to the relative merits of 
irradiation and operation in the treatment of giant cell tumors. Cure 
by irradiation requires a longer time and necessitates prolonged obser- 
vation of the patient.] 

Diseases of the Bone After Roentgen Treatment for Uterine 
Corcmonio.— Philipp ” reported a series of observations on the patho- 

14. Kirklin, E. R., and Moore, C,: Am. 3- Roentgenol. 28:345, 1932. 

15. Pfahler, G. E., and Parry, L. D. ; Am. J. Roentgenol. 28:151, ]93'> 

16. Pcircc, C. B.: .^tn. J. Roentgenol. 28:167, 1932. 

17. Philipp, E.; Strahlenthcrapie 44:363, 1932, 
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logic changes which occurred in the femora after roentgen and radium 
therapy for carcinoma of the uterus. There was a gradual decalcifi- 
cation particularly in the necks of the femora which, the author was 
convinced, was not due to metastases. He suggested that a change in 
the blood vessels as a result of the large amount of irradiation probably 
pla 3 fed a role in the decalcification. Five cases were reported in detail. 
In 1 case, coxa vara developed on both sides. In 2 cases, fracture of 
the femoral neck was observ^ed. Fracture of the neck of the femur 
was seen on both sides in 1 case. In the fifth case, there was a loss 
of cartilage in the hip joint, with stiffening of the joint after irradiation; 
no inflammator}' lesion could be demonstrated in the hip. These changes 
occurred from two to nine months after irradiation. The author could 
find no similar reports in the literature. He believed that poorer 
technic in the past led to less rapid changes, and that the patients usually 
died of metastasis before such conditions could be recognized. The 
relation of these findings to medicolegal cases was discussed. 

Reaction of Muscle Tissue to Tumor. — Leadingham’s photo- 
micrographs demonstrated the apparent stimulation and elongation of 
the nuclei of striated muscle bj’- contiguous neoplastic tissue. The 
nuclei, or muscle corpuscles, increased in number and apparently 
extended through the sarcolemma in spite of concomitant atrophy and 
degeneration of the muscle fibers. Sokolow and Fujunami were quoted 
as having made similar observations. A biologic stimulation of the 
muscle corpuscles seemed to occur owing to the presence of the neo- 
plastic tissue, and these corpuscles entered into the neoplasm. 

[Ed. Note. — A practical inference ma}' be drawn, namely, that 
when muscle is involved by a neoplasm, wide and careful excision of 
the contiguous muscle tissue must be done.] 

THE BACK 

Reduced Lumbosacral Joint Space . — Of a series of 80 patients with 
signs of sciatic irritation studied by Williams,^® 79 per cent had narrow- 
ing of the lumbosacral disk as shown bj' roentgenograms. Antero- 
posterior roentgenograms were taken with the hips flexed and the 
lumbar spine flattened. In most cases there rvas a history of sudden 
strain with pain in the lower part of the back. Confinement to bed 
brought temporary relief only. Subsequent attacks were accompanied 
by pain radiating down the course of the sciatic nerve on one or both 
sides, corresponding chiefl}^ to the distribution of the fifth lumbar nerve. 

18. Leadingham, R. S. : Am. J. Cancer 16:556, 1932. 

19. Williams, P. C. : Reduced Lumbosacral Joint Space: Its Relation to 
Sciatic Irritation, J, A. M. A. 99:1677 (Nov. 12) 1932. 
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Twelve patients had only s\’mptoms in the lower part of the Ijack 
without radiating pain. The author believes that the probable cause of 
this condition was rupture of the nucleus piilposus. Congenital naii ow- 
ing of the disk is considered unlikely, as no evidence of' such a condition 
was found in 300 roentgenograms of persons in early life. The rupture 
is believed to have been the result of continued physiologic trauma on an 
intrinsically weak region. The root pain is believed to have been due 
to changes following the rupture rather than to the rupture itself. 
Constriction of the intervertebral foramina followed loss of the joint 
space. This produced compression of the fifth lumbar nerve segment. 
Another source of nerve irritation was a hypertrophic fringe resulting 
from abnormal stresses following the loss of the intervertebral space. 
The treatment indicated was fixation of the lumbosacral joint either by 
conservative measures or by operation. 

[Ed. Note. — We believe that Williams has made a contribution in 
calling atteirtion to the narrowed lumbosacral joint space. The weak- 
ness of his paper lies in the fact that he did not exclude other lesions 
producing symptoms in this region.] 

CHRONIC ARTHRITIS 

Ferment Theory of Arthritis . — Podkaminsky suggested that the 
immediate cause of arthritis deformans lies in a disturbance of the 
activities of the ferments of the synovial fluids. This disturbance 
causes the accumulation of materials which interferes with the normal 
absorbing and secreting activities of the synovial lining of the joint. 
The intra-articular cartilage therefore is poorly nourished, its elasticity 
suffers, and chronic trauma affects the subchondral bone and soon leads 
to proliferative changes. In the development of spondylitis deformans 
the nucleus pulposis plays the part of the joint cleft, while the disks 
and the end-plates pla)' the part of the joint cartilage. 

[Ed. Note. — In this as well as in previous papers the author’s 
theories and experimental studies are of interest in attempting to explain 
the early physiologic disturbances. Unfortunatel}-, so far they are only 
theories.] 

Knotty Articulations of the Finffcrs . — Hissard reported 19 cases 
of articular enlargement of the fingers. The patients had a fusiform 
swelling of the interphalangeal and metacarpal-phalangeal joints resem- 
bling that seen in cases of chronic atrophic arthritis. The photographs 
accompanying the article could certainly be considered to be those of 
the hands of patients suffering from atrophic arthritis. Twelve of the 


20. Podk-.rmin5ky, X. A.: Arch. f. klin. Chir. 171:592, 1932. 

21. Hijf.wd, M.: Ann. de dernnt. ct sypli. 3:806, 1932. 
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19 patients had hereditary S 3 'philis, 6 probably had it, while 1 did not 
have sufficient stigmas to make the diagnosis probable. While the gross 
appearance of the hands was identical with that seen in chronic atrophic 
arthritis, the resemblance ended there. There was no pain in the joints 
on active or passive motion. Motion was limited onl}^ slightly. There 
was no deformitj'- or disalinement of the joints. The patients were 
unable to state when the condition appeared, and some were not aware 
of it until it was called to their attention. None of the patients, how- 
ever, were under 15 3 'ears of age. The roentgenograms taken in 5 cases 
showed no abnormalities. There did not seem to be any connection 
between the condition of the patients and the chronic rheumatism some- 
times seen in hereditar 3 ' S 3 'philis. This condition was confined to the 
fingers. There were no general S 3 OTptoms, fe-\'’er, pain or roentgen- 
ographic changes elsewhere in the skeleton. The beginning of the 
condition was not knoum, although various factors, such as the onset 
at pubert 3 '^ and findings suggestive of acromegal 3 ", led the author to the 
hypothesis that tlie “knotty arthritis” might be due to endocrine dis- 
turbances secondar 3 f to hereditary S 3 '^philis. 

Disturbances of Growth in Chronic Arthritis in ChUdi’en . — These 
disturbances were studied by Kuhns and Swaim,-- who believe that they 
are due chiefly to the involvement of the proliferating epiphyseal 
cartilages by the arthritis, resulting in early ossification. Three t 3 '-pes 
of involvement of growth were noted : persistence of infantile pro- 
portions in the hands and feet, shortness of an extremity or a portion 
of an extremity and, rarely, dwarfism. These sequelae emphasized the 
need for meticulous management of the 3 'oung arthritic patient. 

[Ed. Note. — ^This condition is probabty more common in the 
arthritides of childhood than is comraonl 3 ’- appreciated.] 

Monarticular Arthritis, Simulating Tuberculosis . — From March, 
1924, to Januar 3 % 1930, Smith encountered 24 cases of monarticular 
arthritis in which an accurate diagnosis could not be made after a careful 
study of the history, the results of physical examination, the roentgeno- 
grams, the analysis of the blood and the tests with tuberculin. Biopsy 
and inoculations into guinea-pigs were necessary to establish a diagnosis. 
Even at biopsy it was not possible to rule out tuberculosis on the gross 
appearance of the S 3 moAaal membrane. Careful stud 3 ’’ of the microscopic 
sections and inoculations into guinea-pigs or cultures furnished the onh" 
accurate diagnostic criteria. 

(To be Concluded) 

22. Kuhns, J. G., and Swaim, L. T. : Disturbances of Growth in Chronic 
Arthritis in Children, Am. J. Dis, Child. 43:1118 (May, pt. 1) 1932. 

23. Smith, A. D. DeF. : ilonarticular Arthritis Simulating Tuberculosis; A 
Clinical and Pathologic Studj’ of Twenty-Four Cases, Arch. Surg. 25:54 (July) 
1932. 
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THERAPEUTIC CONSIDERATIONS IN THE MANAGE- 
MENT OF ACUTE INTESTINAL OBSTRUCTION 

TECHNIC OF ENTEROSTOIUY AND A FURTHER ACCOUNT OF DECOM- 
PRESSION BV THE EMPLOYMENT OF SUCTION SIPHONAGE 
BY NASAL CATHETER 

OWEN H. WANGENSTEEN, M.D. 

MINNEAPOLIS 

PHYSIOLOGICOPATHOLOGIC CONSIDERATIONS 

The work of Hartwell and Hoguet ^ establishing the efficacy of 
subcutaneous administration of saline solution in definitely prolonging 
the lives of dogs with high intestinal obstruction lent considerable 
impetus to the experimental investigation of obstruction of the bowel. 
Unfortunately, a like interest in the field has not been generally manifest 
among clinicians, with the unhappy effect that results in the manage- 
ment of acute intestinal obstruction have not kept astride with increases 
in knowledge concerning the subject. 

The experimental work of the decade following the observation of 
Hartwell and his associates dealt largely with the nature of the toxin 
in high intestinal obstruction and a study of the chemical alterations in 
the blood attending obstruction of the bowel. The numerous experi- 
mental studies of Haden and Orr contributed materially to a better 
understanding of the chemical changes attending obstruction of the 
upper part of the intestine. Investigations concerning the causes of 
death in obstruction of the bowel have not proved especially fruitful. 
A number of facts have been learned, but many things remain to be 
explained. 

It is now known that the elevation of blood urea, decrease in plasma 
chlorides and increased combining power of the blood for carbon dioxide 
obtain with regularity only in high intestinal obstructions, but not suffi- 
ciently early enough to be of diagnostic value. Saline solution acts like a 
specific in high obstructions only, and not as an antidote or detoxifying 
agent, but as a substitute for important fluids lost by vomiting. The 
causes of death in low and midintestinal obstructions are not so well 

Presented as inauguml thesis before the ifinnesota Academv of Medicine 
May IS. 19S2. 

From tlic Dciiartment of Surgerj-, University of Minnesota, 

1. Hartwell. T. .A., and Hoguet. j. P.: Experimenta! Intestinal Obstruction in 
Dogs with Special Reference to Cau.'c of Death and Treatment with Large 
Amounts of Normal S.nline Solution. T. A. M. A. 59:S2 (July 13) 1912 



934 


ARCHIVES OP SURGERY 


understood l)ut ap])ear in some degree to l)e correlated with the function 
of the different levels of the howel.- 

No concrete proof exists of the absorption of a toxin in intestinal 
obstruction foreign to the normal bowel. On tbe contrary, there are 
many bits of evidence that indicate that such abnormal absorption in 
the presence of an obstructed but viable bowel does not occur. It is to 
be freely conceded, however, that failure to demonstrate objectively 
such abnormal absorjition does not constitute a complete denial of its 
occurrence. At the same time, however, it indicates that this is not the 
central tenet of the problem. 

Surgeons have long known that a well performed enterostomy will 
save the majority of persons with late simple obstruction, but that an 
attack directl}'- on the obstruction is extreme!}" hazardous to the patient’s 
life. Enterostomy is life-saving in such instances, not because it drains 
off a potent toxin that threatens the organism but because it relieves 
tension within the bowel, restores the normal blood supply, allows the 
continuance of absorption from tbe bowel (wbicb practically ceases in 
obstruction) and permits the automatic establishment of the continuity 
of the bowel in tbe absence of a persistent intrinsic obstruction below. 

Instances of strangulation obstruction in wbicb tbe blood supply to 
the bowel is compromised present additional features beside tbe block in 
the bowel, viz., loss of blood incident to greater occlusion of tbe veins 
than of the arteries to the segment concerned and a bowel which will 
become nonviable with persistence of the strangulating mechanism. If 
the veins to a segment of bowel from 3 to 5 feet in length are tied off 
in the dog, the animal will die of hemorrhage (into the bowel) in from 
four to five hours. If an encirclement ligature is placed around the 
bowel and its mesentery, simulating more closely clinical types of 
strangulation obstruction, the animal will survive for about fifteen 
hours, and the loss of blood is shown to be an important item in its 
death. If the arteries alone are tied, the animal survives for about 
twenty hours. The loss of blood or blood plasma is minimal, the 
necrosis of the wall of the bowel being the signifiant item in terminating 
the dog’s life (Scott and Wangensteen®). 

2. Wangensteen, O. H., and Leven : Correlation of Function with Cause 
of Death Following Experimental Intestinal Obstruction at Varying Levels, Arch. 
Surg. 22:658 (April) 1931, fig. 4. 

3. Scott, H. G., and Wangensteen, O. H. : Studies in Strangulation Intestinal 

Obstruction: 1. Length of Life Following Various Types of Strangulation 

Obstruction in Dogs, Proc. Soc. Exper. Biol. & Med. 29:424, 1932; 2. Blood 
Pressure Changes Correlated with Time, Length and Type of Intestinal Strangula- 
tion in Dogs, ibid. 29:428, 1932; 3. Effect of Intravenous Injections of Peritoneal 
Fluids Recovered from Dogs Dying of Experimental Intestinal Strangulations, 
ibid. 29:559, 1932; 4. Blood Losses in Experimental Intestinal Strangulations and 
Their Relationship to Degree of Shock and Death, ibid. 29:748, 1932. 
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ESSENTIALS OF DIAGNOSIS 

XliG inipovtcincc of curly recognition of cibcloniiiicil disoicleis of iin 
acute nature necessitating surgical intervention is generally recognized. 
A higli degree of correlation exists between the ultimate mortality 
figure and the time intervening between the onset of the disaster and 
the institution of adequate treatment. Acute intestinal obstruction is no 
exception to this rule, and the persistently high mortality attending its 
surgical relief reflects only too plainly the effects of late diagnosis. 

In hospitals where the resident and attending staff alike are 
“obstruction minded,” the supervention of acute intestinal obstruction 
during convalescence from operation is immediately recognized. The 
intern knows that the occurrence of crampy intermittent abdominal pain, 
which the patient is likely to term “gas pains,” is identified as intestinal 
colic by the concomitant presence of loud intestinal borborygmi heard 
with the stethoscope at the acme of the pain. He knows that none of 
the other colics to which the abdomen is heir is characterized by the 
simultaneous occurrence of loud intestinal noises at the height of the 
cramp. After the establishment of the presence of intestinal colic, it 
only remains to determine whether the pain is due to mechanical obstruc- 
tion, acute enterocolitis, a type of abdominal allergy or food poisoning, 
or to the presence of simple “belly-ache.” On the basis of other evi- 
dence, such as the presence or absence of nausea and vomiting, diarrhea 
and intestinal distention, a reliable deduction can ordinarily be made. 

An agent of great value in this interpretation is a single plate made 
of the abdomen with the patient supine. It reveals the presence of vis- 
ible gas in the small intestine, a sign significant of intestinal stasis in 
the adult ; it determines also the degree of distention of the bowel. 

Tliere are four causes commonly seen to contribute to delay in the 
diagnosis of acute intestinal obstruction : 

1. Failure to appreciate that simple obstruction of the bowel is not accompanied 
by tenderness or rigidity of the abdominal wall. 

2. Belief that the e.xpulsion of gas or feces with an enema militates against 
obstruction of the bowel. 

3. Assuaging of pain with morphine. 

4. The deception of apparently effectual catharsis in partial obstructions. 

Patients with strangulation types of obstruction almost invariably 
present local tenderness and rigidity of the abdominal wall due to the 
escape of hemorrhagic fluid into the peritoneal cavity. Their complaint 
and physical findings are otherwise those of intestinal colic as in simple 
obstruction. Patients with strangulation obstruction exhibit early slio-fit 
(luickcmug of the pulse incident to loss of blood into the infarcted seg- 
ment. and early rises of fever to 100 and 101 F. are usual. There is no 
disturbance of the general condition of the patient early in simple 
obstruction. Chemical alterations in the blood occur with rcgularitv onlv 
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in high obstructions and are usually not observed until forty-eight hours 
or more has cla])sed following the onset of the obstruction. Leuko- 
cytosis may occur in either simple or strangulation obstruction incident 
to the dehydration of vomiting. 

A patient complaining of intermittent crampy pain attended by 
nausea and vomiting without manifesting local tenderness or rigidity 
of the abdomen should be suspected of having simple intestinal obstruc- 
tion. Should pain continue despite the effectual return of gas and feces 
with enemas in the presence of visible distention of the small intestine, 
on roentgen examination the diagnosis of intestinal stasis can reasonably 
be made. The occurrence of loud intestinal borborygmi significant of 



Fig- 1- — Roentgenogram of the abdomen of a patient with “functional spastic 
ileus.” The distention is limited to the colon. This patient had been operated on 
six times previously for acute intestinal obstruction. 

increased peristaltic activity of the bowel at the height of the pain estab- 
lishes the stasis as being mechanical in nature. The stethoscope is an 
important agent in the diagnosis. 

Elsewhere ^ I have described a group of cases in which no organic 
obstruction is present which simulate the clinical picture of acute mechan- 
ical obstruction very closely. The gaseous distention, however, is con- 
fined entirely to the colon and the stomach. The history and the gaseous 
distention as Ansualized on the x-ray film (fig. 1) serve to identify the 

4. Wangensteen, O. H. : Elaboration of Criteria upon Which the Early Diag- 
nosis of Acute Intestinal Obstruction May Be Made, with Special Consideration 
of the Value of X-Ray Evidence, Radiology 17:44 (Juh') 1931. 



Fig. 2. — Roentgenogram showing distention of the colon due to carcinoma of 
the sigmoid flexure. There was no distention of the small intestine, owing to the 
competence of the ileocecal sphincter. At operation the cecum was found to be 
gangrenous due to the tension. 



Fig. j. — Roentgenogram showing incomplete adhesive obstruction of the small 
intestine. Gas is present in the colon, but the latter is not distended. Decom- 
pression was effected by suction siphonage through a nasal catheter. 
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condition. The roentgen features of this condition resemble rather 
closely the colonic distention of carcinoma of the sigmoid flexure with 
obstruction (fig. 2). Partial adhesive obstructions in which gas is 
already present in the colon (fig. 3) are not to be mistaken for this 
variety of functional spastic ileus. The gaseous distention of the small 
intestine dififerentiates the two. 


REMEDIAL AGENTS 

Early release of the obstruction is the keynote of successful therapy 
of acute intestinal obstruction. In tbe majority of instances, immediate 
recourse is to be bad to surgical measures of relief. Strangulation vari- 
eties of intestinal obstruction are always to be dealt with surgically as 
quickly as possible because of the threatened devitalization of the 
obstructed bowel. Some types of simple obstruction, especially those in 
which decompression of the bowel (enterostomy) serves to reestablish 
its continuit}’’, can be satisfactorily treated by nonoperative means (suc- 
tion siphonage by nasal catheter). 

Saline Solution . — This solution exhibits tbe virtues of a specific 
only in high obstructions. CIinicall 3 % the only types which are indis- 
putably known to be “high” are those at the pyloric outlet of the 
stomach and those which occasionally obtain temporarily at tbe stoma 
after the performance of gastro-enterostomy or gastric resection with 
anastomosis (Polya). In such instances, the surgeon feels safe in 
observing expectant treatment, replacing tbe fluid lost from tbe stomach 
by the generous administration of saline solution. In all obstructions, 
adequate administration of fluid is important, but the widespread impres- 
sion that saline solution rehabilitates patients with acute intestinal 
obstruction is to be corrected. Though salt and water are important 
agents in combating the dehydration incident to persistent vomiting 
from obstruction, they do not accomplish miracles. Release of ten- 
sion by decompression of the bowel in simple obstruction and early 
release of the constricting mechanism in strangulation obstruction are 
the ends to be attained. 

During the hour that preparations are being made in the operating 
room, physiologic solution of sodium chloride should be freely adminis- 
tered (from 2 to 3 liters) b}'^ the intravenous and subcutaneous routes. 
In those instances in which the roentgenographic film indicates that the 
degree of intestinal distention is not great, more time may be consumed 
to replace adequately the fluid lost by vomiting. 

Blood Transfusion . — For the poor surgical risk, transfusion is always 
a great boon. In simple obstruction, the transfusion of blood, just as 
the generous use of saline solution, fortifies the patient in some 
measure for the ordeal that he must undergo. Only in strangulation 
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types of obstruction, in which the loss of hlootl is frequently a sit^iiificaiit 
item, is tvansfvision urgently imlicaled. In any patient with this type 
of obstruction presenting a high pulse rate and low blood piessuie, 
transfusion is to he performed before operation, 1 he adecpiate leplace- 
ment of the blood lost is also imjnirtant. 'I'lie shock features of strangu- 
lating varieties of obstruction are synonymous with loss of l)lood, and 
shock in the healthy adult at any rate is not preciintated by lesser losses 
of blood than from SOO to 1,000 cc. In the ill patient, lesser losses are 
probably more telling. Nevcrtbelcss, transfusions foi blood lost must be 
adequate. 

Recently an infant of 18 months was observed at the University 
Hospital with an intussusception of about fifty hours duration. Ihe 
pulse was weak and extremely rapid, the rate being about 200. 1 here 

was no manifest improvement after the subcutaneous and intravenous 
infusion of 700 cc. of saline solution. After the transfusion of 250 cc. 
of blood, the patient's condition improved remarkably. 1 be pulse fell to 
160, and reduction of a compound intirssusception (entero-enteric and 
ileo colic) together with excision of a Meckel s diverticulum at the apex 
of the intussusception was accomplished without event, the patient mak- 
ing a satisfactory convalescence. 

Suction Siphonage by Nasal Catheter .'' — I have long employed con- 
servative means in dealing with instances of functional spastic ileus, 
previously descriljed, but was first led to employ drainage by suction in 
the treatment of acute meciianical obstruction in the following case : 

E. J., a woman, aged 72, was admitted to the hospital with an obstruction of 
seventy-two hours’ duration, and operation obviously was danger. The systolic 
blood pressure was 80 mm. of mercury, and the patient was badly dehydrated. 
Past experience with cases of this sort had taught that saline solution alone, even 
when administered for some considerable period of time, did not improve the 
patient materially as a surgical risk. The details of the apparatus and the manner 
of its employment are shown in the accompanying sketch (fig. 4). 

The roentgen film (fig. 5,4) showed that considerable distention of the entire 
small intestine was present. It was felt that if a lessening of the distention could 
be accomplished the risk of the operation could be definitely decreased. After 
the insertion of the nasal catheter and the commencement of suction, the crampy 
pain of which the patient complained ceased at once. After eight hours’ suction 
(fig. SB), during which time 200 cc. of fluid and 800 cc. of gas were aspirated, 
the distention of the small intestine was considerably reduced and the patient’s 
condition was equally improved. After forty hours’ suction, there was complete 
disappearance of gaseous distention (fig. SC). Because of the conjectured per- 
sistent nature of the obstruction (thought to be carcinoma of the cecum), operation 
was done. A stricture of the terminal ileum, probably syphilitic in nature, was 

5. Wangensteen, O. H. : The Early Diagnosis of Acute Intestinal Obstruction 
with Comments on Pathology and Treatment with a Report of a Successful 
Decompression of Three Cases of Wechanical Bowel Obstruction by Nasal Catheter 
Suction Siphonage. West. J. Surg. 40:1 (Jan.) 1932; Tr. West. S. A., 1931. 
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ioimd.'' The stricture was divided in the hiii(;itiidinal axis of the bowel, the slric- 
tured area was itivatiiiialed into the eecnnt and a twctxinial cnterosl(>iny was done, 
following which the itatient convalesced nneventudly. 

Since then, siicccssltil deconipression williottt ojicration has bccti 
done on seven jiatients with acute adhesive ohslruction. 

L. F., a hoy, aped 9 years, was admitted to the hospital on Oct. 13, 1931. He 
had hcen operated on three years previously at the University Hospital for acute 
suppurative appendicitis with peritonitis. On his admission with acute obstruction, 
he gave a history of vomiting and intermittent colicky pain of forty-eight hours' 
duration. There was no rebound tendcrticss or abdominal rigidity. The roentgen 
film (fig. G.-J) showed considerable distention of the upper part of the intestine. 
Immediately after the institution of suction the jiain stopped, and a film taken three 
hours later (fig. 6/?), at which time 550 cc. of fluid and 650 cc. of gas had been 
aspirated, showed complete disappearance of the gaseous distention of the small 
intestine. After twenty hours’ suction (fig. 6C), no gaseous shadows were visible 
in tile abdomen. Since the institution of suction, 1,625 cc. of fluid and 2,250 cc. 



Fig. 6. — Roentgenograms of the abdomen of L. F., 9 years old. A was taken on 
admission to the hospital with a forty-eight hours’ acute obstruction. B was taken 
after three hours’ suction, when 550 cc. of fluid and 650 cc. of gas had been 
aspirated. C was taken twenty hours after commencement of suction; 1,625 cc. of 
fluid and 2,250 cc. of gas were aspirated meanwhile. 


of gas had been recovered by aspiration. The suction was then discontinued, and 
the patient was permitted water by mouth, followed by clear liquids, and gradually 
solid food was allowed. He was permitted to be up and about, but it was felt 
that since he had previously had lesser attacks of the same sort the obstructive 
mechanism should be sought out and freed. Fifteen days after his admission, 
aparotomy was performed and an obstructive band in the midportion of the small 
intestine was found acutely angulating the bowel and binding it down to the root 
o the mesentery. The band was divided and the bowel released; the patient was 
ismissed from the hospital fourteen days later. 


. Strictures of the lower portion of the small bowel behave peculiarly occa- 
sioiially. I have recently observed an instance of intermittent obstruction of a 
su 3cufe nature due to a stricture of the terminal ileum that would not admit the 
vaL^ patient was well without obstructive features for long inter- 
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Successful decompression with suction siphonage by a nasal catheter 
without subsequent operation on the obstructive mechanism has been 
done in five patients with acute adhesive obstruction. 

Mr. C., aged 26, presented acute adhesive obstruction seven days after an 
appendectomy for acute suppurative appendicitis. Enemas proved ineffectual in 
relieving his pain. Immediately after starting the suction, he had relief from pain 
After seventy-two hours’ suction, the howel was completely decompressed and 
water was permitted by mouth.' Tlie patient was subsequently discharged well. 

Mr. B., aged 41, was admitted to the hospital with acute intestinal obstruction 
after having been successfully operated on elsewhere for the relief of acute obstruc- 
tion about a month previously. The obstruction was only partial as shown by the 
persistent presence of gas in the colon. Suction siphonage by nasal catheter alone 
sufficed to decompress the bowel, and the patient was dismissed with the instruction 
that should he continue to have attacks of pain and vomiting it would be wise to 
establish the uninterrupted continuity of the bowel by severing the adhesive con- 
stricting bands at operation. 

After the performance of enterostomy for tbe relief of adhesive 
obstruction, it is rarely necessary to have to deal later with the obstruc- 
tive mechanism. Despite its persistent presence, just as mysteriously 
as the ohstruction was initiated, so after eflfectual decompression the 
intestinal current goes on uninterrupted, and the patient suflfers no ill 
effects from the continued presence of the adhesive bands. In the pres- 
ence of universal adhesions causing continuous pain or intermittent 
obstruction, it is necessary to free the bowel at an opportune time. 

Somewhat more than a year ago I did the thirty-first operation for 
a girl who had been operated on thirty times pre\'iously for obstruction 
of the bowel and fistula. The entire bowel was freed, from the 
duodenojejunal angle to the cecum, and on completion of the operation 
air was injected into the peritoneal cavity. The patient’s sacrum was 
kept elevated with three pillows so that the air would accumulate beneath 
the anterior abdominal wall, chiefly about the umbilicus, and mechan- 
ically separate bowel and anterior abdominal wall during the healing 
phase. This patient has remained quite well without pain or complaint 
referable to the bowel, except for the occurrence of slight vomiting dur- 
ing a recent attack of salpingitis of the fallopian tubes. Air injected 
in this manner is not likely to be of any A'alue in the prevention of inter- 
intestinal adhesions. The patient’s own serum (defibrinated blood) 
should prove to be fully as efficacious as, and have some distinct advan- 
tages over, amniotic fluid for this purpose. 

7. In the use of suction with the nasal catheter after abdominal operations, 
patients are permitted to drink clear fluids freely from the start. When an actual 
mechanical block exists in the bowel, however, it has been thought wise to deny 
the patient fluid by mouth until the intestinal distention is gone. A more accurate 
estimate of the fluid and gas removed is also obtained by this precaution. 
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Miss li. K. was .•itliiiiticil (II (hi- I 'nivcrsity linspital mi March 20, 10.i2, with 
an nculc intcsiinnl uhslnictimi (luce mmillis after npcratimi fur acute sniipnrativc 
a]ipcniliri(is clscwlurc. At tlic time her a|i])eii<h\ was removed it had heeii iieces- 
yary for her to remain in tlie liospita! four weeks heeanse of ]irofnse tlrainaue from 
her wound, ('ll! Iier admission to the I’niversity Hospital, twenty-four hours after 
the onset of voniitine. slie eomplaiiied of mtermiilent eramplihe pain oeenrriip; at 
frcipient intervals. There was no alidominal tenderness, .and tlie ahdoininal wound 
was Iiealed. Slethoscopie examination revealed Innd intestinal noises at (he acme 
of the pain, estahlishini; (he presence of intestinal colic. Rectal examination dis- 
clo.sed a small tender mass in the pelvis (cnidesac ahscess). A Tdiii of the abdomen 
(fiR. 2) showed moderate distention of several coils of small intestine. 'I'he pres- 
ence of pas in the colon followim; eximlsion of pas with (irevioiis enemas which 
had hecn administered on admission indicatial that the ohstriiction was incomiilete. 
An administered Xohle's enema'" was returned with some flatus hnt no relief of 
pain, and suction hy nasal catheter was instituted. Tliere was immediate cessation 
of pain after the insertion of (he catheter, and the tiihe ipiiehly found its way into 
the dnodemnn, as shown hy a snhseiinent jdate. The decompression jiroRrcssed 
satisfactorily, and after two days' suction the paseons shadows were scarcely 
visihle on the .x-ray film. On (he third day the catheter was clamiied occasionally, 
and clear liipiid was ])ermilted hy month. Suction thronph the nasal catheter was 
continued intermittently until the fifth day after admission, since which time there 
had been no recurrence of jiain. 

During the first nipht (twelve hours), <)()() cc. of fluid and 200 cc. of pas were 
aspirated through the nasal catheter. In the next twenty-four hours, 800 cc. of 
fluid and fiOO cc. of gas were ohtained with the nasal catheter and 1,050 cc. of gas 
and SO cc. of fluid hy the rectal suction. In the following twenty-four hoiir period, 
450 cc. of fluid and 800 cc. of gas were aspirated hy the nasal catheter and 100 
cc. of gas and no fluid by a rectal tube similarly connected w'ith a suction appa- 
ratus. A Noble’s enema was given with elTectnal results and rectal suction was 
discontinued. In the following twenty-four hours, 1,200 cc. of fluid and 900 cc. 
of gas were obtained by the nasal catheter and in the last twenty-four hour period 
before suction w’as abandoned, 400 cc. of fluid and 700 cc. of gas w’ere removed. 

The worth of decotiiprcssion by nasal suction was recently put to 
a severe test in the instance of a man of 35 in whom acute intestinal 
obstruction develoited fourteen days after operation for suppurative 
appendicitis. 

A. W., aged 35, had complained of intermittent “gas pains” for about thirty 
hours before vomiting occurred. Attempts at obtaining expulsion of gas with 
enemas had proved ineffectual. A diagnosis of acute intestinal obstruction was not 
established until vomiting took place. At this time (Feb. 26, 1932, 1:45 a. m.) 
considerable distention of several coils of small intestine in the left half of the 
a domen was apparent on the x-ray film (fig. 7 A). Suction siphonage by nasal 
catheter was started at once with immediate cessation of cramps, and after a few 
ours the patient declared himself to be comfortable and stated that he had never 
e t better in his life. An e.xpression that he frequently repeated during the period 
* ^'J'^don was emplojied was, “I feel like a million dollars.” 

edside films were made again at 2 p. m. and 11 p. m. (fig. 7 B). These showed 
t le stomach emptied, but only a slight diminution in intestinal distention had 
occurred. On the evening of February 26, the suction was increased to about 250 

enema: turpentine, 1 drachm (3.75 cc.) ; glycerin, 2 ounces 

— cc) ; magnesium sulphate, 3 ounces (89 cc.) ; water, 4 ounces (118.4 cc.). 
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cm. of water (the nasal suction employed being 75 cm.), but when the film was 
made at 11 o’clock, it was not noted that the distal end of the catheter had 
returned into the lower end of the esophagus. This was not noted until 7 a. m. 
on February 27. Onl}’ 700 cc. of gas and 800 cc. of fluid had been aspirated since 
the institution of suction. 

The tube was pulled out again and reinserted and apparently soon made its way 
into the duodenum ; the decompression of the distended bowel progressed nicely, as 
shown in a film made at 9 p. m. on February 27 (fig. 7 C). When the drainage 
of gas and fluid was computed at 6 a. m. on February 28, it was found that 1,100 
cc. of gas and 1,900 cc. of fluid had been aspirated during the preceding twenty- 
four hours. An x-ray film taken at 8 a. m. showed the small intestine to be abso- 
lutely decompressed, no gaseous distention being present. At 10:00 a. m., the 
suction was discontinued by clamping the tube, and 1,250 cc. of clear strained 
liquids was allowed by mouth. At 6 : 30 p. m. an enema was given, following 
which some flatus was e.vpefled. At 7:00 p. m. another bedside film was taken 
(fig. 7E>). Gas was noted in the colon for the first time since the diagnosis of 
obstruction had been made, indicating that the continuity of the bowel was being 
reestablished. Incident to the allowance of oral fluids and temporary discontinu- 
ance of suction, however, gas had again accumulated in the small intestine. At 
8:15 p. m. suction was commenced again. Suction was also applied to a rectal 
tube, and during the night 100 cc. of gas and 100 cc. of fluid were aspirated by the 
nasal tube and 100 cc. of gas and no fluid by the rectal tube. 

An x-ray film taken at 8 : 00 a. m. on February 29 showed much less gas in the 
bowel than twelve hours before, and clear fluids were again permitted by mouth. 
About 10 : 00 a. m. it was noted that gas began to collect rapidly in the bottle 
connected with the rectal tube. When the computation was made at 6 : 00 a. m. 
on March 1, it was noted that the following drainage had occurred in the pre- 
ceding twenty-four hour period: by nasal catheter, 1,800 cc. gas and 2,810 cc. 
fluid; by rectal tube, 7,700 cc. gas and no fluid. Suction was continued intermit- 
tently through March 1, and by March 2, the patient was passing gas freely by 
rectum and complained of being extremely hungry. Nasal suction was discon- 
tinued, and fluid and solid food were permitted by mouth. The continuity of the 
intestinal lumen remained patent despite the administration of food, and it was 
manifest that there had been complete recovery from the obstruction of the bowel. 

In the last few days of the period of intestinal obstruction it was apparent 
that a small culdesac abscess was forming. The patient evacuated mucus 
several times a da 3 " by rectum without expelling gas or feces. Following the 
discontinuance of rectal suction, several warm enemas a day were given, and by 
the time that the patient was ready to be up no trace of the abscess could be 
made out on digital examination of the rectum. There has been no recurrence 
of “gas pains” since dismissal from the hospital. 

Though the decompression of the distended small bowel progressed 
fairly rapidly in this instance, it was the appearance of gas in the colon 
(fig. 7 D) that afforded encouragement in knowing that the obstruction 
had been overcome. Visualization of gas in the colon in complete 
obstructions is synonymous with the reestablishment of the intestinal 
current and has in a manner the same significance for patient and physi- 
cian as the exultation and delight experienced by a shipwrecked mariner 
on the sight of another sail. 
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Roentgenograms of the abdomen of Mr. A. W., 35 3 'ears old. A was 
taken fourteen days after operation for acute suppurative appendicitis. There is 
considerable distention of the stomach and the small intestine. B was taken at 
2 p. m., thirteen hours after the institution of suction. The stomach is empty, but 
there has not been much reduction of the distended coils of the small intestine. 
C was taken forty-four hours after suction was started. An effectual reduction in 
Jstention of the small intestine is present, but practically no gas has progressed into 
tie colon. D was taken twenty-two hours later. There is now considerable gas 
in the colon, heralding the establishment of the continuity of the intestine. 
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Mr. J. E., aged 50, was admitted to the Iiospita! on April 7, 1932, complaining 
of intermittent crampy pain, naiusca and vomiting, of forty hours’ duration. On 
admission paro.xysms of pain occurred at intervals of from five to ten minutes, and 
loud intestinal borhorygmi were heard with the stethoscope at the acme of the 
pain. The patient had also noted the concomitant occurrence of noise and pain. 
There was slight but definite tenderness of the abdominal wall, most easily demon- 
strated as rebound tenderness. One month previously the patient had a lesser attack 
of pain accompanied by nausea and vomiting from which he spontaneous!}^ recov- 
ered. He had had no previous abdominal operation. For ten years he has had 
a right inguinal hernia and has worn a truss for five years. The hernia has not 
recently been incarcerated. X-ray films of the abdomen revealed considerable dis- 
tention of the upper coils of small intestine. Gas and feces were evacuated with 
enemas, but the pain still continued. 

The slight tenderness and rigidity present here indicated that there had been 
an escape of fluid into the peritoneal cavity, suggesting the presence of a potential 
strangulation mechanism. As the pulse and temperature were not appreciably 
elevated, I thought that one might proceed cautiously with suction, watching the 
patient carefully for signs of increasing tenderness. Suction by nasal catheter was 
started at midnight on April 7. There was also immediate relief of pain, though 
the tenderness was still definitely demonstrable. On April 8, at 6 a. m., 800 cc. 
of gas and 600 cc. of fluid had been a.spirated. There was not much reduction in 
the intestinal distention, as shown in the x-ray film. An enema was given during 
the night without effect. Two capsules of amyl nitrite were broken in some gauze 
for the patient to inhale, and he was turned on his right side. Some time later 
the tube made its way into the duodenum, and the suction became more effective. 
During the next twenty-four hours (April 9 at 6 a. m.), 1,700 cc. of gas and 
900 cc. of fluid were aspirated, and an x-ray film of the abdomen showed definite 
reduction in distention, though the upper jejunal coils were still somewhat dilated. 
During sleep at 1 a. m., April 10, the patient pulled the catheter out. A Rehfuss 
tube was then put down through the mouth. No reliable measurement of gas 
could be made for the preceding twenty-four hours because of the e.xtraction of 
the tube by the patient. An x-ray film made on April 10 at 8 a. m. showed almost 
complete disappearance of gaseous distention of the jejunum, and gas was present 
in the colon. 

Clear fluids were permitted in small amounts by mouth, and the catheter was 
occasionally clamped. Suction was discontinued on April 12, and a roentgenogram 
taken on April 13, following a barium sulphate meal, showed the motor transit of 
barium through the bowel to be normal. The patient was allowed to be up and 
aixmt, but wished to have his hernia repaired, which was done on April 25. 
Because of the antecedent obstruction, a low rectus incision was made permitting 
of examination of the abdominal contents as well as repair of the sac from 
within. A long strand of omentum was found to be engaged and adherent in 
the mouth of the hernial sac. It was delivered, and the hernial opening was 
closed. About 3 feet proximal to the cecum, there was an area about 2 inches 
in length where the small intestine presented a circular, thickened, opaque whitish 
plaque, representing undoubtedly the site at which the obstruction had occurred. 
The patient convalesced uneventfully and was dismissed on Ma.v 4. 

R. B., a boy, aged 8 years, was seen in consultation at the Norwegian Deaconess 
Hospital with Dr. Frank Anderson, through whose courtesy I am permitted to 
include this case report. This patient had been admitted on Feb, 26, 1932, com 
plaining of pain, nausea and vomiting. A diagnosis of intussusception was mate. 
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niul at operation an entcrio intnsstisception of alintit fi inelic!' in lenptli was mliiccd. 
Tlie I'ostopcrativc c<invalesi'cnce was nncvcntfiil, and tlie patient was dismissed on 
Marcli 11. 

On March IS. he was readmitted hecanse of reenrrenee of his c<imiilaint. ;\t 
operation a rcinvapination of the small inic.stine was fonnd to have occurred. 
Reduction could not he efTected. and the howcl was of (inestioned vial)ility. Resec- 
tion was tlierefore done, and an end-to-end anastomosis made. I iiere was pr.uinal 
improvement until March 22. when the patient hepan to complain of abdominal 
cramps, followed hy nausea and vomitinft. and these were the comiilaints at the 
time I saw the I'oy on the eveititt); of April d. 

Intermittent colic occurred periodically, and coincident with the pain loud 
intestinal horhoryj’mi could he heard with the stethoscope. 1 here was moderate 
distention of the ahdomen. which was tyinjianitic above and somewhat dull imme- 
diately below the umbilicus, where the margins of the wovtnd were indurated. The 
remainder of the abdomen was rather soft, though slifibt rebound tenderness could 
be elicited. From the indurated portion of the wound a fecal-smcllinp; exudate 
could be expressed (colon infection, not feces! . An x-ray plate made of the 
abdomen showed moderate distention of the small intestine. 1 he button used for 
anastomosis was seen to be in the repion of the ileocecal valve. 

Suction siphouage by nasal catheter was instituted with immediate relief of 
pain and distress. Para-oral fluids were freely administered. During the next 
forty-eight hours, 1,500 cc. of gas and 1,460 cc. of fluid were aspirated. Some gas 
was evacuated by rectum, and the patient was permitted a little water and clear 
fluid by mouth, the tube being clamped occasionally. During the next twenty-four 
hours, 500 cc. of gas and 300 cc. of fluid were aspirated, and in the following 
twenty-four hour interval, 600 cc. of gas and 200 cc. of fluid; the button was 
expelled on .\prll 9. The suction was continued intermittently for the next three 
days, approximately 600 cc. of gas and 300 cc. of fluid being a.spirated each day. 
The patient was discharged well on April 18. 

Mr. B. V., a hemophiliac, aged 23, was admitted to the hospital on May 7, 
1932, because of abdominal pain, nausea and vomiting. The pain had commenced 
on May 3 ; on May 4 it increased, and in the evening he vomited. He continued 
to take liquid food, but on May 5, the pain, nausea and vomiting were greatly 
exaggerated. On May 6, following a dose of salts, a small tarry stool was passed ; 
the pains became more severe, and the vomiting which was previously bilious 
became brown. 


His physician. Dr. C. Roholt of Waverly, Minn., saw the patient at this time 
and observed tenderness in the lower left quadrant of the abdomen as well as a 
tender oblong mass at the same site. On May 7, there was tenderness in both 
lower quadrants. An enema returned a bloody stool. The vomiting was persistent 

and frequent, and borborygmi were audible to the unaided ear at the acme of the 
pain. 

The patient bad previously been admitted to the University Hospital because 
of a hemorrhage into the knee joint following slight trauma and a spontaneous 
hemorrhage into the right eye in January, 1930. The patient has suffered from 
prolonged bleeding since infancy. One brother died in infancy of hemorrhage 
from a slight cut m the tongue. A maternal uncle has hemophilia. On examina- 
tion the patient was found to be blind in the right eye. The blood pressure was 
^‘^n diastolic. The hemoglobin was 72 per cent and the white blood 

cells. 14 190. The clotting time was two hours and twenty minutes. The urine 
contained considerable albumin as well as many red blood ceils, hyaline and granu- 
lar casts. There was moderate distention of the abdomen with 'slight tenderness 
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and rigidity of the entire abdomen, more marked below. At the height of the 
intermittent pains wiiich recurred periodically, intestinal borborygmi were plainly 
audible. An x-ray film taken of the abdomen showed considerable distention of 
the upper loops of jejunum. A slight amount of gas appeared to be present in the 
colon. 

A diagnosis of hematoma in the bowel and mesentery causing mechanical 
obstruction was made and suction was instituted, liberal amounts of fluid being 
given para-orally. Considerable blood 3 ’ fluid was evacuated from the stomach at 
first. On the morning of May 8, the patient felt m«ch better; 2,200 cc. of gas 
and 1,000 cc. of fluid had been aspirated during the previous night. Two hundred 
units of theelin were given by the medical staff, and twenty minutes later the 
coagulation time was five minutes. An x-ray film made at 1 p. m. on May 8 
showed marked reduction in the intestinal distention. Gas "vas evacuated by 
rectum. On Ma 3 ’- 9, the patient appeared much improved and had no complaints. 
Only 400 cc. of gas and 300 cc. of fluid having been aspirated in the previous 
twenty-four hour period, suction was discontinued and the patient was permitted 
fluid by mouth. The clotting time at 2 p. m. was twenty minutes. Fifty units 
•of theelin was given on May 10, the obstruction having cleared up. The patient 
was transferred to the medical service for continuance of the treatment of hemo- 
philia and has since been dismissed. 

Suction by nasal catheter alone proved unsuccessful in the case of a 
boy of 16 years convalescing from an operation for acute suppurative 
appendicitis. 

J., aged 16, was admitted to the hospital on Oct. 28, 1931, for an appendectom)’. 
On the fourth day after operation symptoms of obstruction developed. Pain con- 
tinued despite effectual evacuations with enemas, and suction was instituted. Pam 
ceased at once, but successive roentgenograms (fig. 8 A and B) made at an interval . 
of twelve hours failed to show any appreciable decrease in intestinal distention. 
An unsuccessful attempt was made to pass the nasal tube into the duodenum under 
the fluoroscope in this case, it being felt that spasm of the pylorus was probably 
responsible for the failure. Enterostomy was then done, following which a decrease 
in the intestinal distention and progress of gas into the colon became apparent 
(fig. 8C). The patient was discharged well thirty days after admission. 

This was the third case in which suction had been employed in the 
treatment of acute intestinal obstruction, and in the first two instances 
the decompression progressed rapidly. I was' a bit dismayed by the 
persistence of the distention in the small intestine and felt that enter- 
ostomy, an operation of established 3 'alue, should take precedence over 
this unorthodox procedure of emptying the bo3vel. The patient was 
comfortable from the time that suction was started, however. With the 
experience gained in similar stubborn instances, previously related, I 
should no3v have tried somewhat longer before having recourse to enter- 
ostomy. In the rather limited experience which opportunity has 
afforded for trial of the method, I am inclined to belie3'e that in prac- 
tically all instances of obstruction of the small bowel decompression can 
be done by this method if the tube can be gotten through the pylorus 
when decompression cannot be performed with the catheter in the 
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stomach.'*' In those instances, howevci". in which the ohstvviclive mccli- 
anism docs not relent, resort must be had to oi)eration as the followinj," 
case will illustrate. 

R. E., a boy, aged 8 ycar.s, was admitted to tlic University Hospital on Marcli 
20, 1932, with a diagnosis of acute appendicitis. The symptoms were of seventy- 
two hours’ duration. The temperature on admission was 102 F., and the pulse 
was 110. The white blood cells were 23,850, 90 per cent of which were poly- 
morphonuclears. There were diffuse abdominal tenderness and rigidity. No masses 
were palpated by rcctvun, though the tenderness was marked. 

A diagnosis of diffuse peritonitis of appendical origin was made, and the con- 
servative plan of treatment which had been employed in such instances was carried 
out, viz., massive hot packs to the abdomen, para-oral fluids and suction l)y nasal 
catheter to relieve distention. The patient had a fairly stormy time, but gradually 
improved and appeared to do well after March 29. 



Fig. 8. — Roentgenograms of the abdomen of a boy, aged 16. A shows acute 
obstruction which developed four days after appendectomy. B was taken after 
suction siphonage by nasal catheter had been employed twelve hours ; there is no 
appreciable reduction in distention ; C was taken twelve hours after enterostomy ; 
gas is present in the colon and the distention of the small intestine is considerably 
diminished. 

On April 23, at which time the patient appeared to be otherwise quite well 
intermittent pain occurred. Gas was expelled with enemas, but the pain continued. 
On the morning of April 24 the cramps were severe, and loud borborygmi were 

7b. It was soon learned that it is an important item in accomplishing decom- 
pression with the duodenal catheter to have holes cut back on the tube for about 
10 inches (25.4 cm.), so that constant suction may be exerted in the stomach as 
well as in the upper reaches of the small intestine after the tip of the catheter 
has gone beyond the p)-lorus. The details of technic of decompression have 
been described by Dr. J. R. Paine and myself elsewhere (Nasal Catlieter Suction 
Siphonage: Its Uses and the Technic of Its Employment, Minnesota Med 16-96 
(Feb.) 1933. 
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audible with the stethoscope at the acme of Ihe pain. Considerable distention was 
present, and when vomiting occurred at 2 p. m., a roentgenogram was made of the 
abdomen which showed considerable distention of both large and small bowel to 
be present (fig. 9 A). Masses of feces are visible in the ascending colon on the 
film. Though lumps of hard feces were expelled with enemas, the pain continued. 

A diagnosis of partial obstruction was made (gas in colon), and suction bj' 
nasal catheter was commenced; pain stopped at once. Fluid was interdicted by 
mouth, but was administered intravenoush-. A roentgenogram made at 9 : 30 p. m. 
showed some decrease in distention of the upper coils of the small intestine; 
3,625 cc. of gas and 150 cc. of fluid had been aspirated in the meantime. An x-ray 
film made at 10 : 30 a. m. on April 25 showed considerable reduction in the gaseous 
distention of the small intestine with almost complete evacuation of the gas in the 
colon ( fig. 9 B). An abscess on the external aspect of the right thigh containing 
considerable greenish pus (staphylococcus) was opened at this time. On April 26, 
the patient was permitted fluid b;' mouth, the catheter being clamped periodicall}’. 



Fig. 9. — Roentgenograms of the abdomen of a boy, aged 8 years. A shows 
acute obstruction ; about five weeks previously he was admitted to the hospital with 
diffuse peritonitis of appendical origin which subsided under conservative treatment. 
B was taken twenty hours after instituting suction. (The obstruction developed 
again after appendectomy, and the bowel was again decompressed b 3 ' suction 
siphonage with a nasal catheter, but when feeding was started gaseous distention 
recurred necessitating enterostomy. Later, release of the constricting agent also 
became necessar 3 ^) 


On April 27, the suction was discontinued, and the patient continued to do well. 
On the afternoon of April 29, pain was complained of in the right lower quadrant, 
and there was definite rebound tenderness. An x-ray film showed some return of 
gaseous distention of the small intestine. Suction was recommenced and carried 
through the night. The next morning, appendectonn- and drainage of an appendical 
abscess was done. The patient had already been ill for more than a month, and 
transfusions had meanwhile been given. Nasal suction was continued intermit- 
tenth’ for three da 3 -s after operation. By May 3, the patient was doing ver 3 - well, 
taking solid food and e.xhibiting daih" improvement. On Afay 8, feces made their 
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appearance in the wmnul (fislwla at. site of removal of appendix), hut there were 
no complaints, however. On May K), the patient again complained of abdominal 
pain attended by horhorygmi, and there was emesis of 200 cc. 1 he abdomen was 
distended, and enemas gave no relief. An x-ray film demonstrated considerable 
distention of the small intestine. 

Suction was begun with relief of pain and reduction of the distention, as visual- 
ized on the x-ray film. Tlic nutritional problem in this child who had been ill 
for seven weehs was now a significant consideration. Itvery attempt to feed him, 
however, resulted in an increase of the intestinal distention. An enterostomy was 
done under local infiltration anesthesia on May 10 without reaction. At operation 
strands of fibrin were visilde over the coils of bowel, undoubtedly a residual of 
the diffuse peritonitis for which the patient was admitted. Suction was subsequently 
applied to the catheter in the bowel. By May 18 there was no distention, and the 
patient declared himself to be hungry and began to take solid food. A few days 
later symptoms of obstruction developed again despite the -fact that the enter- 
ostomy tube was draining freely. A direct attack * was then made on the obstruct- 
ing mechanism near the site of appendectomy, and a catheter was inserted into the 
fistulous opening in the cecum. The patient has been improving but will probably 
need an operative procedure to close the fistulous opening in the cecum persisting 
after appendectomy.®" 

Satisfactory decompression was obtained following the first attack of obstruc- 
tion of the bowel in this child. Shortly after appendectomy and drainage of an 
appendical abscess, obstruction recurred. The small bowel could again be satisfac- 
torily decompressed, but attempts at feeding resulted in increased distention, indi- 
cating the necessity for enterostomy. Later release of the persistent obstruction 
bands also became necessary. 

Tltis series of eleven cases in wiiich decompression was achieved by 
suction through a nasal catheter (enterostomy was also done in two) 
is marred through death in one case (Mr. O. N., aged 52), for which 
the method is in ,no way to blame. A successful decompression of the 
small intestine was obtained b 3 ^ suction, but the obstruction continued. 
Because of the long continuance of the obstruction and the weakened 
condition of the patient, repeated efforts were made to interrupt the 
suction and allow liquid nourishment orally. Following each attempt 
the small bowel distended again, and operation was undertaken. 
Whereas, ordinarily in such cases I have done enterostomy as a routine 
measure, in this instance, because of the preliminary decompression and 
because of an unwarranted interest as to the nature of the obstruction 
(my impression was carcinoma of the small intestine) , I took the liberty 
of locating its site. A small mass was found in the terminal ileum, 
apparently confirming the impression of carcinoma. A gentle attempt 
was made to elevate the mass, and direct!)^ an escape of fecal material 
into the wound from the mass was observed ; the patient’s fate was 
sealed bj' this unhappy maneuver. The leakage was mopped up, the 

8. In a fairly large number of enterostomies which I have performed this is 
the second instance in which a subsequent operation on the site of obstruction was 
necessary in order to establish the continuity of the intestine. 

8a. The fistulous opening in the cecum has since been closed, and the patient 
in a recent letter declared himself to be entirely well. 
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tiny opening in the bowel closed and a proximal enterostomy done, but 
these were futile corrective measures in the presence of this spillage, 
and the patient died of peritonitis seven days later. 

The patient’s history anterior to operation was briefly as follows: 

About eight weeks before entrj’^ to the hospital the patient was seized with 
abdominal pain followed by hiccup and frequent vomiting. There had been blood 
in the stool and a loss of 30 pounds (13.6 Kg.) in weight. On examination the 
patient was found to be much dehydrated and showed evidence of considerable 
recent loss of weight. Visible and palpable peristalsis was present, and loud 
intestinal borborygmi were audible synchronous with the crampy pains of which 
the patient complained. The blood urea was 51 mg. per hundred cubic centimeters ; 
blood chlorides, 395 mg., and the result of the Van Slyke test was 76 per cent by 
volume. The hemoglobin was 108 per cent. Moderate distention of the small 
intestine, especially in the left portion of the abdomen, was present on the x-ray 
film. Suction siphonage bj’ nasal catheter was continued for the next three days 
before the bowel showed disappearance of the gaseous shadow in the small intes- 
tine. Each attempt at interrupting suction in order to feed the patient orally 
resulted in increasing distention. On the sixth day after admission, because of the 
conjectured nature of the obstruction, operation was done; 11,050 cc. of fluid and 
4,800 cc. of gas had been aspirated during the interval. 

Postmortem examination failed to disclose the cause of the obstruction. The 
most logical explanation would 'appear to be that a foreign body (not discovered 
at operation or autopsy) perforated the bowel and gave rise to an inflammatory 
mass, the manipulation of which caused the leakage. 

Simple enterostomy would have obviated this unhappy issue. Unfor- 
tunately, however, too often, an error committed cannot at once be 
undone and another plan projected without accepting some penalty from 
the indiscretion. Experience in surgery would command no special value 
could one, as in O. Henry’s “Roads of Destiny,” on following out 
unsuccessfully one course of action start on another untrammeled and 
with peace of mind and without handicap seize on another mode of 
attack. A lesson taught here should be that the safest procedure is the 
most conservative. Suppression of curiosity as to the nature of the 
obstruction would have saved this patient’s life and me considerable 
embarrassment. 

Suction siphonage by nasal catheter has its shortcomings and is not 
to be recommended in the treatment of strangulation obstruction, which 
is to be recognized clinically in the occurrence of rebound tenderness.® 
In carcinoma of the sigmoid flexure in which gaseous distention involv- 
ing onl)" the colon usuall}" obtains, due to competence of the proximal 
ileocecal valve, drainage of the upper reaches of the bowel by catheter 
would be inadequate; and when the cause continues to operate, as in 

9. Doubt maj' be entertained bj^ some as to whether simple and strangulation 
obstructions can be differentiated without operation. In any borderline case cer- 
tainly operation is to be done, but I feel definitely as set forth elsewhere (Northwest 
Med. 30:389 [Sept.] 1931) that the physical findings will serve to distinguish 
these varieties. 
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the instance of the first patient previously referred to, it is not to be 
expected that drainage through a nasal catheter alone will suffice. In 
adhesive types of obstruction in which the cause usually ceases to operate 
followiiig decompression of the bowel, the method should have its 
greatest usefulness, and in postoperative obstruction jjarticularly the 
method should prove to be an agent of therapeutic value. In the use 
of the method it is wise to follow the intestinal decompression by taking 
frequent x-ray films of the abdomen (portable) until it is obviously 
apparent, from the degree of intestinal distention present, whether the 
method will be successful or not. 

It is extremely important that enough fluid be administered by the 
subcutaneous and intravenous routes during the time that suction is in 
force to insure a good daily urinary output (about 1,000 cc.). If the 
distention subsides satisfactorily and a liberal urinary output obtains, it 
is not necessar}^ to follow the chemical changes in the blood. Except in 
unusual instances the daily output of urine is as reliable an index of 
whether enough fluid and salt are given as are frequent determinations 
of the blood chlorides, urea and carbon dioxide-combining power of the 
blood. In the cases referred to in this paper, from 4,000 to 6,000 cc. of 
fluid has been given daily. With the removal of fluid from the stomach 
and upper reaches of the bowel it is imperative to give considerably 
more fluid than the ordinary patient requires. Physiologic solution of 
sodium chloride is usually given subcutaneously on the outer aspects of 
the thigh beneath the fascia lata and 10 per cent dextrose solution 
(sometimes in physiologic solution of sodium chloride) intravenously. 

Measures to assuage pain have been unnecessary. With the institu- 
tion of suction the pain almost invariably miraculously ceases. An 
occasional lesser cramp is sometimes complained of. In the latter cases 
in this group, most of them instances of recent postoperative obstruction 
following surgical intervention for suppurative conditions, I have 
employed hot packs to the abdomen as a routine measure. This helps 
to relax the abdominal muscles and is worth while. 

With the oral source for increase in the gaseous distention shut off 
by suction, even in those instances in which the decompression of the 
distended bowel has progressed slowly, it has been remarkable how the 
patient’s condition, as well as his comfort, improved incident to 
the interruption of accretio:r in distention. Borborygmi may be made out 
with the stethoscope, but they are not as violent and as frequent as 
before. When the bowel has become accommodated to a certain grade 
of distention, if no tendency toward progression is exhibited, the peri- 
staltic activity apparently lessens. A few of the patients have complained 
a little about the presence of the tube in the throat, but the instillation 
of a few drops of nasal oil has usually mitigated this distress. 

In a few patients the end of the tube persisted in the stomach 
throughout, and a satisfactory evacuation of the small bowel was 
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obtained. Where the decompression has progressed rather slowly, I 
have been anxious to see the catheter make its way beyond the pyloric 
sphincter into the duodenum. In one instance (an early case), previ- 
ously listed, the decompression failed because it was impossible to get 
the catheter into the duodenum. In two subsequent cases, the inhalation 
of amyl nitrite appeared to facilitate the entry of the catheter into the 
duodenum. 

There is one distinct advantage that enterostomy presents over 
decompression by means of suction through a nasal catheter, viz., the 
opportunity to feed the patient as soon as the decompression has been 
effected. In complete types of simple obstruction it ma}’^ take some 
time for the continuity of the bowel to become reestablished, as heralded 
by the appearance of gas in the colon despite complete disappearance 
of the distention. Fortunately, in most instances, successful decom- 
pression is followed quickly by automatic reestablishment of the con- 
tinuit}' of the bowel, hut in those in which an interval obtains between 
these events, attempts at feeding without an enterostomy usually result 
in a renewal of the distention. 

The rationale of the success of this method in decompressing the 
bowel undoubtedly resides in the fact that the chief source of the 
gaseous distention is swallowed air. When the decompression is estab- 
lished by enterostomy, there is frequently little escape of gas or fluid 
after the initial release of the catheter. The escape of some gas and 
fluid permits the angulation or kinking of the bowel to become adjusted 
and righted, and the continuity of the intestinal current becomes auto- 
matically established. This explanation no doubt holds true in some 
measure of the decompression effected by nasal suction. The removal 
of intestinal gas through the nasal catheter decreases the distention of 
the obstructed bowel and permits the gas to go down into the lower 
reaches of the bowel. 

All persons with simple acute mechanical intestinal obstruction 
observed at the University Hospital since August, 1931, when the 
method was first successfully employed, with the exception of three 
with carcinoma of the sigmoid flexure, which, as previously stated, 
constitutes a contraindication to its use, have been treated by suction 
siphonage through the nasal catheter. During this interval (until 
May 1, 1932) only twelve such patients have been seen, all of whom are 
referred to in this report. Decompression was unsuccessful in an early 
case by this method because the catheter did not enter the duodenum. 
In another, decompression was successfully effected b}' suction but 
recurred sixteen days later. The distention of the small intestine was 
again satisfactorily dealt with by suction by nasal catheter, but attempts 
at feeding the child who had been ill for more than seven weeks resulted 
in increasing distention. Enterostomy was done to permit of feeding. 
In nine instances a satisfactory decompression was ol)tained by suction 
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alone. In another, also (leconi]iresse(l by .suction, in which the ohstnic- 
tion continued, the j^atient unfortunately died follow inj^ tin ill <Kl\iscd 
attempt to ascertain the nature of the olistruction and reestablish the 
continuity of the bowel. 

The method has also been successfully used in a fairly large number 
of instances of subacute and chronic obstructions not enumerated in this 
report, due chiefly to narrowdng of the pelvic colon and rectum by 
carcinoma of the pelvic genital organs of the female. Ihrough relief 
of the obstruction by nasal and rectal suction in such instances and 
subsequent regulation of the diet and administration of liquid petrolatum, 
many such patients have lieen spared a terminal colostomy. Suction 
by nasal catheter has been employed also as an auxiliary aid in the 
relief of distention followdng the release of strangulation obstructions 
(hernias and intussusceptions). 

Note. — At the time of proof-reading this paper, twenty-four cases of acute 
mechanical obstruction of the small intestine have come under observation since 
suction siphonage by nasal catheter was first employed in the treatment of mechan- 
ical obstruction. Decompression has been done in twenty of these by suction 
siphonage through nasal catheter alone. In four instances enterostomy also became 
necessary. In the entire group there have been two deaths (8.3 per cent) : the 
one referred to in the text of this paper and another, the case record of which will 
be briefly reviewed. Mrs. H., aged 66, was admitted to the University Hospital 
on Aug. 10, 1932, for disease of the gallbladder following a severe attack of a 
few weeks previously. In addition to a well developed acute intestinal obstruction, 
the cause of which was a packet of gallstones resembling the cast of a gallbladder 
impacted in the ileum, she had a large infected bed sore over the sacrum, with 
considerable fever. Suction siphonage by nasal catheter was instituted, and the 
gaseous distention of the small bowel disappeared. Owing to her generally poor 
condition, feeding was attempted through the catheter, and alternate feeding and 
suction proved successful despite the continued presence of the gallstones in the 
small intestine. Si.x weeks later signs of acute intestinal obstruction again devel- 
oped. Pituitary e.xtract was unfortunately given ; perforation of the intestine 
occurred, and the patient died of peritonitis a few days later. A timely operation 
in the unobstructed phase would perhaps have avoided this disaster. 

A questionnaire has been submitted to the patients treated in this manner, and 
the majority state that they have no complaints referable to the intestinal canal. 
This material together with other details of treatment will be made the subject of 
a subsequent report. 

OPERATION 

Elsewdiere I have described in some detail the conduct of the 
operative procedure in acute intestinal obstruction. Here the principles 
of operation vvill alone be briefly outlined. 

Anesthesia . — In patients with earW intestinal obstruction the choice 
of the anesthetic agent is not a matter of paramount importance. 
Patients with late olistruction exhibiting considerable regurgitant vomit- 

10. Wangensteen, O. H. : The Diagnosis and Treatment of Acute Intestinal 
Obstruction, Northwest Med. 30:389 (Sept.) 1931. 
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ing are poor risks for an inhalation anesthetic, because of the danger of 
aspiration. I have used spinal anesthesia almost entirely, with complete 
satisfaction. In postoperative obstructions, local infiltration is usually 
adequate. In infants, local infiltration reenforced by a small amount of 
ether serves the purpose well. 

Incision . — ^^Vhen the type and location of the obstruction remain 
undetermined, a subumbilical midline incision is best made. Care must 
be taken that the urinar}' bladder at operation is empty, especially 
following the generous preoperative administration of fluid. In the 
relief of postoperative adhesive obstruction by enterostomy, a small 
oblique incision opposite the umbilicus over the outer edge of the left 
rectus muscle has been made as a routine procedure. 

Choice of Procedure . — In the operative relief of simple obstruction 
the surgeon should permit himself to be guided solely by the general 
condition of the patient. In early cases, the operation of election can 
be done, viz., locating the exact site of obstruction, determining its 
nature and releasing the block that obstructed the bowel. In late cases, 
enterostomy, an operation of necessity, is much the safer procedure. All 
anastomotic procedures on the dilated intestine are to be deliberately 
avoided. In strangulation obstruction, the condition of the bowel after 
its release and not the patient’s general condition must determine the 
choice of procedure. No matter how ill the patient, if nonviable bowel 
is present, it must be excised. Exteriorization with the establishment 
of complete external fistula followed by a secondar}" anastomosis carries 
a much lesser risk to the patient’s life than excision and primary 
anastomosis. 

Enterostomy. — Site : The nearer the enterostomy is to the point of 
obstruction, the more efficient is the drainage. A deliberate attempt to 
make a “high” enterostomy is to be avoided. I have observed that the 
amount of drainage (gas and fluid) is correlated only with the degree 
of obstruction present, and not with the level at which the enterostomy 
is done. 

Technic: A distended coil of bowel is seized and drawn out through the wound. 
Should the bowel present with any difficulty, the incision should be adequately 
enlarged to avoid injury to the serous coat of the distended intestine. Before 
placing a single stitch in the distended wall of the bowel, it is highly essential that 
the segment selected be emptied of its content. This may be done by milking it 
out between the fingers and isolating the collapsed segment between clamps ; or 
if the wall of the bowel is too tense, the rubber-covered clamps should be first 
applied and the distended segment aspirated with a long fine needle and a large 
syringe. 

11. Congenital intestinal atresia is an exception to this rule, the only reported 
recoveries having occurred after an entero-anastomosis. Infants do not tolerate 
fistula of the small intestine. 
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Ininictlialcly foUowinj; cniplyiiip (if tfic tfiiu ifiliUctf liowci, Uic circvifur iiuiscfc 
of llic iiitcsliiic conlrncls atid tlic wall of tlic howcl iirusciUs a surprisiiiK iiicrL'asc 
in vliicUncss. rcnderins snlnvc of tlw liowtl a safe procedure and precUidinK leaUap;e 
from the stitch holes which would otherwise occur. Removal of the content from 
the segment on which enterostomy is to he jicrfornied also docs away with all 
danger of the slightest spillage on introduction of the catheter into the howel. 

In the performance of enterostomy for acute intestinal olistruction, there must 
he absolutely no spillage. The slightest soiling invites peritonitis anti is synony- 
mous with failure. The needles and suture material should he fine (chromic catgut 
000 or silk). A urethral catheter, no. 14 Prench. is scored as shown in the accom- 
panying diagram (fig. 10) and a fine 000 chromic catgut ligature is fixed in the 
groove. The catheter is then huried in the wall of the howel by the Witzcl technic, 
the suture starting about IJ'i inches proximal to the scoring on the catheter. Ihe 
proximal end of the catheter must always he clamped off before the howel is punc- 
tured. A Bard-Parker blade no. 11 or a fine cataract knife is used for the puncture. 
The distal end of the catheter is pushed into the hnnen of the howel, and the 
enfolding stitch is continued for another 1)4 inches. An aseptic enterostomy can 
be done in this manner (fig. 11), the most important feature in establishing an 
effectual decompression with minimal risk. 

The segment on which enterostomy has been performed can be safely dropped 
back into the peritoneal cavity without the slightest fear of leakage. Omentum 
need not be sought to cover it.’- When the catheter comes away about the tenth 
to twelfth day (unless adhesive fixation on the skin continues to retain it) , the tiny 
peritoneal tunnel closes spontaneously without subsequent leakage. Persistent 
fistula after removal of the catheter is due to employment of too large a catheter 
or to the use of the multiple purse string suture which ungulates the bowel and 
obstructs it. A no. 14 catheter will drain the howel as well as a garden hose. 

Exteriorization . — The time factor and the rigidity of the constricting 
agent are the significant items in determining whether a strangulated 
bowel will be found to be nonviable. Whereas many types of obstruction 
of the bowel are potentially instances of strangulation obstruction from 
the beginning, primary thrombosis or embolism of the mesenteric vessels 
IS the only type of strangulation in which excision of the devitalized 
bowel is mandatory. In all other potential strangulations, release of the 
obstruction before the anatomic changes consequent on prolonged inter- 
ference with the blood supply of the segment have occurred obviates 
the necessity of dealing with a nonviable bowel. A fine balance of 
judgment must occasionally be exercised in dealing with a questionably 
viable bowel in a patient in poor condition. Should the decision be made 
to leave it, the nutrition of the segment should be protected by making 
a proximal enterostomy to prevent distention, or the same effect can be 
insured by the use of suction siphonage by nasal catheter after operation. 
Bowel that is frankly nonviable should be excised. A resection with 
immediate anastomosis is to be deliberately avoided. Even though 

12. W hen perf(3rming enterostomy for postoperative obstruction, one rarely 
n s omentum available, the inflammatory focus having previously attracted it. 
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Fig. 10. — Alethod of scoring catheter to fix it in the bowel. 



Fig. 11. — Technic of enterostomy: A shows the emptying of an isolated loop 
of its content to permit of an aseptic enterostomy. Usually the greater content can 
be "milked out” between the fingers. The loop should be completely evacuated 
with an aspirating needle, however, before any sutures are placed. B shows the 
condition of a much dilated and thinned out intestinal wall immediately after 
aspiration. C, a no. 14 (French) urethral catheter is laid on the bowel and a run- 
ning stitch of 000 chromic catgut enfolds the bowel about it over a length of 1)4 
inches ; a tiny puncture is made and the catheter introduced into the lumen ; the 
fixation stitch (scoring) is placed and the peritoneal tunnel is continued for 
another 1)4 indies. D. the suture is completed; the insert shows the peritoneal 
tunnel within the bowel in which the catheter lies. 
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genevovis lengths oi intestine on cither side of the devitalized segment 
are simultaneously removed, the danger of subsequent death from 
peritonitis is great. 

Only under unusual circumstances, such as gangrene of the greater 
length of the small bowel, is a primary anastomosis to be done. Ihe 
prohibitive mortality of doing a resection with anastomosis in the pres- 
ence of devitalized bowel is well illustrated in strangulated external 
hernias. At the Friedrichshain Hospital in Berlin between the years 
1903 and 1922, 1,795 persons with strangulated external hernias were 
treated, of whom 280, or 15.6 per cent, died. In 1,509 cases with- 
out gangrene there were 136 deaths (9 per cent) ; of the 286 persons 



Fig. 12. — Exteriorization of the bowel when nonviable in strangulation obstruc- 
tions. The^gangerenous bowel is cut off after the skin is closed and catheters are tied 
into each loop. The continuity of the bowel is restored by a secondary anastomotic 
procedure. 

with gangrene necessitating resection 144, or 50.4 per cent, died! 
Frankau recently^ reported the results of a collective investigation insti- 
gated by the Association of Surgeons of Great Britain and Ireland on 
strangulated hernia. The mortality for the group was 15.7 per cent. 
In 105 instances, because of gangrene of the bowel, resection was done, 
with 45 deaths, a mortality of 42.8 per cent. 

The devitalized segment should be brought out through the incision, 
and on completion of the skin closure, the dead bowel is to be cut off 

13. In strangulated external hernia, when the patient’s condition permits, the 
hernia should be repaired after exteriorizing the intestine through a separate short 
midlinc incision. 




960 


ARCHirES OP SURGERY 


and a catheter tied into each loop (fig. 12). By this means the intestinal 
content escaping through tlie jiroximal catheter may Ije collected and 
allowed to run into the distal loop b\- the gravit)" drip method. After 
about six to eight days, it becomes difficult to keep the catheter in the 
proximal loop satisfactoril}', and a secondary anastomosis should be 
done as soon as the patient’s condition will permit. Children particu- 
larly do not tolerate well the presence of a high fistula. Its persistence 
for some time without satisfactor}' replacement of the escape from the 
proximal loop into the distal will result in a severe nutritional distur- 
bance that may prove difficult to combat. 

SUMMARY AND CONCLUSIONS 

Early recognition of acute intestinal obstruction is of paramount 
importance in treatment. A block in the continuit}- of the bowel is best 
identified by establishing the pi'esence of intestinal colic, viz., the audition 
of loud intestinal noises with the stethoscope at the acme of intermittent 
crampy pain. 

All instances of .strangulation obstruction are to be subjected to 
immediate operation. When nonviable bowel is found, it is far safer 
to exteriorize the devitalized segment and establish the continuity of 
the bowel secondarily than to effect a primary anastomosis after 
resection. 

In many patients with acute simple intestinal obstruction decom- 
pression can be performed by suction siphonage with a nasal catheter. 
Instances of adhesir^e obstruction are particularly amenable to relief by 
this method. Many patients with late simple obstruction (intrinsic) 
in which the cause continues tp operate can be improved as operative 
risks by preliminary decompression with the duodenal tube and suction. 
Inspection of roentgen films of the abdomen is the best criterion in 
determining whether the decompression is progressing satisfactorily. 
Of twelve patients with acute simple obstruction observed since the 
method was first used, successful decompression has been obtained in 
nine ; one of these had a stricture in the terminal ileum, another was a 
hemophiliac in whom the obstruction was due to hematoma in the bowel. 
The obstruction in the other seven instances was of adhesive nature, 
in three cases of remote origin and in four recent. In two of the 
three instances in which drainage b}' catheter was not successful enter- 
ostomy was done, though in one of these satisfactory decompression was 
obtained with suction alone. The other patient died following an attempt 
to relieve the obstructive mechanism and to reestaldish the continuity 
of the bowel. Decompression has also been employed successfully m 
several instances of subacute and chronic obstructions and as an 
auxiliary agent after the operative relief of strangulation obstructions. 
In obstructions of the left half of the colon ('usually carcinoma) with 
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ballooning of the proximal colon with gas, the method is not recom- 
mended ; in such instances cecostomj' or api)cndicostom3' should be done. 

The operative treatment of acute intestinal obstruction is briefly dis- 
cussed, and my method of performing enterostomy is described. S])ill- 
age or contamination during the operative manipulations is synonymous 
with failure ! 

The value of saline solution and transfusions of blood in the 
treatment of acute intestinal obstruction is reviewed. Saline solution 
exhibits the virtues of a specific only in high obstructions. In strangu- 
lation obstructions, loss of blood into the infarctcd loop may be great, 
and the transfusion of blood is a great boon in aiding the recovery of 
patients so afflicted. 
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The essential characteristics of the deformit}'^ observed in scoliosis 
have been understood for more than a hundred )’ears. The voluminous 
literature of scoliosis deals largel}' with the cause or causes of the 
deformity, but mainly with the thousand and one methods which 
have been used in its treatment, with onlj^ a few serious studies of the 
mechanics involved. The striking similarit)' in the deformities result- 
ing from such a variet}' of well established causes indicates a uniformity 
in the intermediate causes, that is, in the mechanics of the deformity. 
The purpose of this paper is to anal3'ze the previous explanations of 
this mechanism and to add the results of some original investigations 
on mechanical models. 

AK.\TOMIC CONSIDERATIONS 

The spine is a segmented rod. Each segment consists of a body and 
a neural arch. The column of bodies is the weight-bearing element, 
weight bearing including the pressure stresses of all the muscles and 
ligaments tending to compress the spine. These muscles are attached 
to the bodies only through the medium of the neural arches. 

The axis of all motions between contiguous vertebrae lies in the 
nucleus of the disk, as may be demonstrated by a careful study of roent- 
genograms, and as illustrated in Morris’ “Human Anatomy.” ^ The 
intervertebral joints are rudimentary diarthrodial, as stated by Smith." 
Motions allowed are tilting in all planes and rotation. Motion in any 
one joint is sharply limited by ligaments and articular processes, but the 
type is double ball and socket, the nucleus pulposus acting as a ball- 
bearing between adjacent bodies. Use of the term “universal joint” is 
to be condemned because a universal joint, as the term is used in mech- 
anical engineering, does not allow rotation. 

The range of motion allowed in the intervertebral joints is in all 
directions from the anatomic position of the spine with the normal 
anteroposterior curves present. The normal anteroposterior curves are 
therefore no safeguard against lateral deformity. 

1. Jackson, C. H. : Morris’ Human Anatomy, ed. 8, Philadelphia, P. Blakis- 
ton’s Son & Co., 1925. p. 536. 

2. Smith. N. R. : The Intervertebral Discs. Brit. J. Surg. 18:358, 1931. 
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TYI'E OF OEFORMITV 

The term “rotary lateral curvature” indicates the two elements of 
deformity commonly recognized. Lateral cuives aie labeled light oi 
left to indicate the side of the convexity. In tlie presence of a primary 
curve to one side, secondary curves develop which tend to bring the 
two ends of the spine back into the same planes and preserve gen- 
eral bodily alinement. 

Rotation is an integral part of side bending. The bodies rotate 
toward the conve.xity of each curve, so that the lateral deviations of 
the column of bodies are greater than the deviations of the spinous 
processes. Rotation is greatest at the apex of each curve and tends to 
be greater in the primary than in compensatory curves. The degree 
of rotation observed frequently exceeds b}' far the degree allowed in 
a normal spine. In the lumbar spine, where normal rotation is almost 
nil, rotation of 45 degrees frequently occurs, the observations of 
Calve ’ to the contrary notwithstanding. As in paralytic clubfoot the 
tarsal bones grow into a shape allowing more and more deformity, so 
in the spine the maintenance of a position at one extreme of normal 
range of motion causes young bone to adapt itself to greater and 
greater degree of deformity. Each isolated vertebra is stated to rotate 
about a point in space about 1 inch (2.5 cm.) posterior to the tip of its 
spinous process. As regards the whole column, however, each verte- 
bra rotates on its adjacent vertebra about a long axis passing through 
the nuclei of the disks. 

A third element of deformity has been observed with sufficient 
frequency in paralytic and idiopathic cases to warrant consideration. 
This is kyphosis. In the dorsal region it appears as an increase in 
the normal kyphosis and in the lumbar as a decrease in the normal 
lordosis or as actual kyphosis. Like rotation it tends to be greatest in 
the primary curve and like lateral curvature it tends to be compensated 
for by the anteroposterior curve above or below. Several authors have 
pointed out that the apparent kyphosis in a dorsal curve is partly due 
to prominence of the transverse processes and ribs, but an actual 
k}’phosis of the column of bodies through the primar}' curve, as shown 
in lateral roentgenograms, is the rule. Early stages of idiopathic scoli- 
osis frequently show a simple exaggeration of the normal anteropos- 
terior curves, that is, the pictui'e of a relaxed or weak back. But as 
lateral curvature progresses, a relative kyphosis through the primary 
curve becomes apparent in the majority of cases. Some tracings of 
roentgenograms showing this factor are reproduced in figure 1. 

3. Calve, J.: Sonic Preliminary Obsci vafions on .Scoliosis A.m T Ortlmn 
SiirR. 12:13, 191-1. ' • - • o>rtnop. 
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MECHANICS OF PRODUCTION 

A number of explanations of the mechanics of the deformity have 
been advanced from time to time. Some of them are conflicting. Their 
multiplicity in itself urges a critical review. 

1. Inequality of Columns . — Historically after Dods,'* whose obser- 
vations were incorrect, comes the explanation of A'Ie)'^er,'' followed by 
Bauer ® and lately mentioned b}"^ MacLennan.' Meyer based his theory 
on two important observations : that strong ligaments existed, anterior 
and posterior, but not lateral, to the vertebral bodies, and that the 
column of bodies was compressible while the column of laminae was 
elastic. MacLennan mentioned unequal growth of the two columns, 
but the principle is the same. In either case excess length of the 
column of bodies would cause, first, hyperextension of the spine. In 
the presence of lateral curvature, from habitual position or any other 



Fig. 1. — Tracings of columns of vertebral bodies from anteropo.sterior and lat- 
eral roentgenograms showing kyphosis, actual or relative, in the primarjf lateral 
curve. 


cause, the too-long column of bodies would tend to digress from the 
midline farther than the column of laminae, especially with no lateral 
ligaments to prevent such deformity. 

This ancient theor}" cannot be wholly denied. Objection to it can 
be raised on the ground that flexion and not extension is generally 
recognized as a prescoliotic stage, svipported by Lovett’s ® conclusion 

4. Dods, : Pathological Observations on the Rotated or Contorted Spine 
Commonly Called Lateral Curvature, London, Cadell, 1824. 

5. Meyer, H. : Die Alechanik der Skoliose, Virchows Arch. f. path. Anat. 
35:125, 1866. 

6. Bauer, L. : Lectures on Orthopedic Surgery Delivered at the Brooklyn 
^Medical and Surgical Institute, ed. 2, New York, William Wood & Company, 1882. 

7. MacLennan, A.: Scoliosis, Brit. M. J. 2:864, 1922. 

8. Lovett, R. W. : The Mechanics of Lateral Curvature of the Spine, Boston 
M. & S. J. 142:622 (July 14) 1900. 
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that rotation first occurs in positions oi flexion, and Al)boll’s ” system 
of treatment in flexion. Mechanically, the theory has its undenialtlc 
points. It works out on the articulated spinal model The transfer- 
ence of the anterior longitudinal ligament into a lateral position by 
rotation might serve to explain the spontaneous arrest of progress of 
deformity frequently observed. Lateral movement having been arrested 
in this manner, deformity could still irrogress in a direction lateral with 
respect to the rotated vertebrae or lateral and backward in relation to 
the trunk as a whole, which would be in line with clinical oltservation. 

I am inclined to think that this mechanism conspires with two others, 
one of which is responsible for starting the deformity in the same 
direction. 

2. Articular Facets . — Adams and Shaw believed rotation due 
to changes in the posterior articular processes. Exception was taken 
to this a few years later by Judson^- on the ground that rotation 
occurred early in the deformity while changes in the facets were seen 
only in late cases, and he concluded that such changes were secondary. 
It seems highly improbable that the facets could cause rotation in the 
direction in which it is observed. The lumbar facets allow almost no 
rotation, certainly favor none. The dorsal interarticular joint spaces 
form an arc with its center somewhere near the nucleus pulposus. But 
the surfaces lie in a plane passing upward and forward. If two dorsal 
vertebrae are taken, the upper tilted to the right on the lower and the 
interarticular facets kept in contact throughout the maneuver, the 
inferior facet on the right side of the upper vertebra will move down- 
ward and backward while that on the left will move upward and for- 
ward, producing rotation toward the right or concave side, a phenom- 
enon opposite to that observed in scoliosis. 

It must be concluded that the dorsal facets favor physiologic rota- 
tion of the entire trunk, as in turning to look behind, but serve only to 
limit the type of rotation associated with lateral deformity in scoliosis. 

3. Pressure of Ribs . — No review of theories of rotation should 
omit the classic work of Feiss." This author conceived the trunk as 
a hollow tube and argued as follows ; Bending a tube to the side pro- 
duces tension on the convex and laxity on the concave side. Tension 

9. Abbott, E. G. : Tlie Jlcchanics of a Plaster Corset in Lateral Curvature of 
the Spine. Am. J. Orthop. Surg. 12:30, 1914. 

10. Adams, \Y.: Lectures on the Pathology and Treatment of Lateral and 
Other Forms of Curvature of the Spine, ed. 2, I.ondon, J. Churchill & Sons, 1882. 

11. Shaw, J., quoted by Adams'® and Judson.'- 

12. Judson, A. B. : The Causes of Rotation in Lateral Curvature of the Snine 
Tr. New York Acad. Ned., April 6, 1876. 

13. Feiss, H. O.: The Mechanics of Lateral Curvature, Am. J. Orthon Surer 
4:37 (July) 1906. 
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on the convex side pushes the ends of the ribs toward the concavity. 
The ends of the ribs push the posterior parts of the vertebrae toward 
the concavity, thereby rotating the anterior part or bodies toward the 
convexity. Feiss called this a retrograde or reactionary tendency. 
Some doubt is cast on this theory when it is remembered what a flex- 
ible member the rib is in a young child and more when one reflects 
how difficult it is to reverse the process, to reduce spinal rotation by 
pressing on the ribs. Lovett ® held the opposite and more reasonable 
view when he said : “The ribs, of course, follow the rotation of the 
vertebrae to which they are attached.” The classic case reported by 
Hoke and recent reports by Sauerbruch and Frey indicate that 
pressure on the ribs may be used to correct a deformed spine, but it 
seems improbable that this method represents a reversal of the original 
mechanism. 

4. Mast and Stays . — The spine, with its muscular and ligamentous 
support, has frequently been compared to a mast with its stays. The 
action of the transverse traction muscles, as described later in this 
paper, warrants this comparison. The analogy is dangerous only if 
used to cover all the mechanics of the spine. 

5. Bozu and Strings . — The spine has been compared to a bow. It 
has been argued that if a strung bow is pushed sidewise at its middle 
the bow will rotate rather than bend in a second plane. Of course it 
will, but the entire bow, the middle and both ends, will rotate, a phe- 
nomenon which bears no analogy to the scoliotic spine in which the ends 
remain in their original plane and rotation takes place through a limited 
area only and in the typical manner described. The spinal mechanism 
does partake of many qualities of a bow. The flexor muscles repre- 
sent one long bow-string and the extensor muscles a series of short 
bow-strings. The significance of this difference will be discussed later. 
The analogy to bow-strings is satisfactory if used carefully. 

6. Child’s Blocks . — The most simple of all theories is that advanced 
by Dickson,^" who said that the rotation reaction is similar to that 
which occurs if one takes eight or ten child’s building blocks stacked 
one on top of the other in a column and, holding them in the two 
hands, brings pressure on them in such a manner as to exert more 

14. Hoke, ^r. : A Studj' of a Case of Lateral Curvature of the Spine, Am. J. 
Orthop. Surg. 1:2, 1903. 

15. Sauerbruch, F. : The Surgical Treatment of Severe Scoliosis, Arch. f. klin. 
Chir. 118:550, 1921. 

16. Frey, R. K. : Surgical Treatment of Dorsal Scoliosis, Deutsche Ztschr. f 
Chir. 169:13, 1922. 

17. Dickson, F. D.: Operative Treatment of Lateral Curvature of the Spine, 

J. Missouri M. A. 24:1, 1927. 
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force on one side than the other. When this is done the column bends 
and at the same time the individual blocks rotate on each othci , this 
rotation being awaj' from the side of greatest piessurc and towaid the 
side of least. This is exactly what vertebrae do when exposed to 
unegual pressure because of scoliosis, i'he only difficulty is that blocks 
do not behave in such a fashion. I liave experimented with children’s 
blocks for hours without being able to observe any sucli rotation. And 
I can see no reason to expect such a phenomenon. 

7. Flat Flexible Rods . — The whole problem has been repeatedly 
dismissed with the magic formula “flexible rods.” Both Dick and 
Guerin^'' formulated a theory which was briefly stated by Bigelow-® 
in 1844 as follows; “The principle of torsion rotation is illustrated 
by bending a blade of grass or a flat flexible stick in the direction of 
its width. The center rotates on its longitudinal axis tp bend flatwise 
in the direction of its thickness.” Smith attacked this theory in 
1931, pointing out that Bigelow’s statement “implies that (1) there is 
continuity of substance in the spine, (2) the spine is flat, (3) the 
plane of flatness is in the frontal plane, (4) rotation is a concomitant 
element of lateral flexion.” Smith attempted, however, to support the 
analogy of the “blade of grass” by including the idea of tripedal sup- 
port, stating that “a cross section of the spine is not rectangular but 
triangular, with its greatest diameter in the antero-posterior plane. 
The amplitude is less in sagittal bending than in lateral bending. Any 
tendency to rotation is greater in sagittal than in frontal flexion.” 

The first two premises outlined by Smith are patently false. There 
is neither continuity nor flatness in a series of double ball and socket 
joints. There is an element of truth in the tripeclal quality of the spine, 
whether the posterior points are represented by pressure between artic- 
ular facets in extension or by tension of the capsules of these joints 
in flexion. Tlie nucleus and the articular facets do form a triangle. 
But the side connecting the facets is the shortest side only in the lum- 
bar and lower dorsal regions. In the upper dorsal and cervical regions 
this is the longest side, as may be seen from inspection of typical verte- 
brae from these regions (fig. 2). Yet rotation with scoliosis occurs 
in the same fashion in both regions. 

In order to comprehend fully the “blade of grass” idea some experi- 
ments were performed with flat flexible rods, A strip of stiff card- 

18. Dick, H.-. A Kew Instrument lor the Treatment of Spinal Curvature M 
Times & Gaz. 2; 738 (Aug. 20) 186 - 1 . 

19. Guerin, J. : Yemoire sur I’ctiologie generale des deviations laterales a 
I’cpinc par retraction musculairc active, Paris, au bureau de la Gaz. med.. 1840. 

20. Bigelow, H. : Ortbopcdic Surgery, Boylston Prize Dissertation, 1844 Bos- 
ton, If. D. Ticknor S: Co.. 1845, p. 168 

21. Smith, L. D.. in discussion of Carey.-' 
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board 17 inches (43.1 cm.) long and five-eighths inch (1.6 cm.) wide 
was mounted in a vertical position with provision for lowering the 
upper end to allow bending. Both ends of the flat rod were mounted 
on universal joints to allow movement in two planes so regulated that 
the deviation of both ends from the vertical should be equal (fig. 3). 




Fig. 3. — Rotation secured in an e.xperimcnt with a flat fle.xiblc rod. 

When the upper end was lowered, the cardboard bent in its thick- 
ness. A\'hen the joints above and below were set at 45 degrees in oppo- 
site directions to bend the cardboard in the diameter of its width, 
rotation took place in such a way that the concave edge bent farther out 
from the vertical in the plane of its thickness. Interpreted in terms of 
the spine this phenomenon is as follows: If the width of the cardboard 
be regarded as in the sagittal plane of the spine, k 3 'phosco!iosis pro- 
duces rotation of the anterior edge (bodies) to the conve.xity of the 
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lateral curve, as seen in clinical scoliosis. In lordo.scoliosis the rota- 
tion is in the opposite direction, d hesc two results, incidentally, aie 
in accord with Lovett’s'”- observations on movement in the normal 
spine. But to carry the analogy into the upper dorsal and cervical 
spine where the greatest diameter of the tripod is in the frontal plane, 
one must regard the width of the cardboard as representing the frontal 
plane of the spine. Here kyphoscoliosis produces rotation of the bodies 
toward the concavitj^ of the lateral curve and lordoscoliosis produces 
rotation in the direction observed in clinical scoliosis. Yet in clinical 
scoliosis rotation is always that of bodies toward the convexity regard- 
less of the level of the spine involved. The only conclusion possible 
from all this is that the spine bears no relation to a flat flexible rod, 
and that the “blade of grass” analogy is a poor one. 

8. Symmetrical Flexible Rods . — As one of the conclusions from 
his notable research into the movements of the spine Lovett ® stated : 
"The spine behaves in general as any flexible rod would under similar 
conditions so far as rotation is concerned.” 

Z. Adams also said ; “The column of bodies obeys the laws of 
flexible rods.” The magic formula “laws of flexible rods” transfers 
the problem into the realm of applied physics, beyond the comprehen- 
sion of busy surgeons. In rny quest for such abstruse knowledge 
I sought the assistance of Dr. G. B. Pegram, head of the department 
of phj^sics at Columbia University. Regarding the spine as a series 
of double ball and socket joints it may correctly be compared only to 
a symmetrical rod. A series of experiments was therefore inaugurated, 
using a thick- walled, small-bore, flexible rubber tube, and attempting 
to duplicate the conditions present in the spine. 

The material used was Du Pont nitrometer tubing, an extremely 
flexible tube with an outside diameter of five-eighths inch and an inside 
diameter of one-fourth inch (0.6 cm.). In the first experiment a piece 
of tube 6 inches (15.2 cm.) long was mounted on a short dowel-pin 
in the center of a base ruled off with parallel lines (fig. 4). A scarf- 
])in was stuck through the tube near its upper end, horizontally and 
parallel with the base lines. A cotton thread looped alwut a common 
pin driven through the center of a small cork placed in the upper end 
of the tube provided a means of manipulating the tube without rotary 
stresses. Rotation of the tube was to be observed by looking down 
from above, noting the position of the scarf-pin in relation to the 
parallel base lines. The following results were noted: Pulling the tip 

22. Lovett. R. W.; The 'Xteclmmsm o( the Normal Spine and Its Relation to 
Scoliosis. Boston & S. J. 5:153, 1905. 

2.L Adams, Z.: The Relation of Bony Anomalies of flic Lumbar and Sacral 
Spine to the Causes and Treatment of Scoliosis. Am. J, Orfhop. Surg. 12:45, 1914 
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forward or backward in the plane of the indicator caused no rotation. 
Pulling the tip to either side, at right angles to the indicator, caused 
no rotation. Pulling the tip toward an}^ intermediate point caused an 
apparent deviation from the parallel base lines when viewed from above. 
But it was also noted that in any such position the indicator was no 
longer horizontal to the base. This experiment, therefore, might be 
considered analogous to side bending of a normal spine, as the results 
agree in er^ery wa}" with Lovett’s -- observations, but not analogous to 
scoliosis. 

It was thought that conditions of the spine could be represented 
more faithfully b}- a compound curve, keeping the two ends of the tube 



Fig. 4.— Experiment illustrating absence of rotation in a symmetrical flexible 
rod. 

parallel and in the same plane, as the}' tend to remain in the scoliotic 
spine. A 17 inch piece of tubing was therefore mounted on a short 
dowel in the center of a base ruled off with parallel lines, and the upper 
end on a similar dowel beneath the cross-arm of a standard so arranged 
that lowering the cross-arm would produce a long curve in the center 
with compensatory curves near either end (fig. 5). .A series of five 
scarf-pins were stuck through the tube at equidistant points, all parallel 
with each other and with the parallel lines on the base when viewed 
from above. The rod being perfectly .symmetrical, the bulging of the 
tube from the vertical, caused by lowering the cross-bar. occurred with 
equal freedom toward any quadrant of the circle. The primary curve 
was rotated through the full circle by means of a wire loop passed 
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loosely about the midpoint of tiie tube in order to obviate any rotary 
stress. Looking downward from above, it was observed that tlirough- 
out the maneuver the pins remained parallel to each other and to the 
base lines. This result is entirely in accord with the laws of physics. 
In a symmetrical rod there is no greater resistance to bending in one 
direction than another, and, therefore, no tendency to rotation. 

This, then, disposes of the mystery of "flexible rods’’ as far as 
statics of the spine are concerned. A series of ball and socket joints 
can be compared only to a S3'mmetrical flexible rod. And a S3’mmetrical 
flexible rod does not rotate at all, either with side bending in extension 



Fig, 5. — Another e.xperinient with a sjTOiiietrical fle.xible rod, sliovving no rota- 
tion in a compound curve. 

or with side bending in flexion. In considering the dynamics of the 
spine the flexible rod will be used again and a different story found. 

9. Muscle Imbalance. — A. Action of Muscles: So far, I have con- 
sidered only the static elements of the spine. Muscle is dynamic as 
compared to bone, cartilage and ligament, which are static. The form 
of bone, according to the laws of Wolff, which considered gravity only, 
or according to the remittent back pressure vectors of Carey which 
deal with muscle pull, is determined by the stresses placed on it. The 
static part played 1 ) 3 - ligaments is demonstrated by the way in which 
they stretch or shrink, as the need may be, to accommodate'tliemselves 

2-4. Carey, E. T. : Studie."; in Dynamics of Histogenesis. Radiologj- 13:127 19^7 
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to altered positions of the spine or of anj^ other joint. Steindler 
makes the excellent observation that “the abilit}’^ of the spine to revert 
at will to perfect anatomic S 3 'mmetry is the salient characteristic of 
normal function,” and muscle is the only element subject to the will. 

Muscles affecting the spine are manj^ and their actions are complex. 
Several authors have attempted to class! f}"- them into more simple 
groups. Meyer,-® in 1856, classified them into (1) posterior spinal, 
(2) anterior spinal (sternocleidomastoid and recti), (3) external 
oblique and intercostal, (4) internal oblique and intercostal and (5) 
transversalis. Judson,^- in 1876, divided them into (1) those nearly 
parallel to the spine and (2) those connecting the vertebral column 
with the shoulders, the thoracic and abdominal parietes and the hips. 
Mackenzie classified postspinal and prespinal muscles, the quadratus 
lumborum being the only prespinal muscle recognized in the dorso- 
lumbar region. The latest classification, that of Carey,-® recognizes 
(1) superficial parallel bow-string muscles, the rectus abdominalis, 
intercostals and sacrospinalis ; (2) deep parallel bow-string muscles, 
the intertransversarii ; (3) superficial transverse traction torsion mus- 
cles, the trapezius, latissimus dorsi, serratus anterior and pectoralis 
major, and (4) deep torsion muscles, the semispinalis, multi fidus and 
long and short rotator muscles. 

Of these classifications the old one of Me)'er -® seems the best. 
Judson’s paper dealt primarily with the cause of rotation. He showed 
a model in which he had mounted an articulated spine inside a rec- 
tangular wooden frame. His group of transverse muscles and liga- 
ments were represented by rubber bands connecting the tips of the 
spinous processes with either side of the frame. A flat flexible brass 
rod was passed through the spinal canal from the top to the bottom of 
the frame, its width in the sagittal plane. When this was depressed 
from the top, it must needs bend to the side. His transverse muscles 
held the spinous processes in the midline, and the bodies rotated toward 
the convexity. The same objection ma}' be raised to Carey’s -® recent 
models, that the spinal muscles are not attached to outside, independent 
supports but to parts of the trunk which move in coordination with 
the spine. Mackenzie -' ignored the most important flexors of the 
spine, those anterior to the trunk, and classified the quadratus lum- 

25. Steindler, A. : Diseases and Deformities of the Spine and Thorax, St. 
Louis, C. V. Mosby Company, 1929. 

26. ^feyer, H. : Lehrhuch der physiologische Anatomic, Leipzig, W. Engel- 
mann, 1856. 

27. ^fackenzie, C. : The Action of Aliiscles, ed. 2, Xew York, Paul B. Hoeber, 
Inc., 1930. 

28. Carey, E. J. ; Scoliosis : Etiology, Pathogenesis and Prevention of Experi- 
mental Lateral Curvature of the Spine. J. A. if. .i. 98:104 fjan. 9) 1932. 
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boruin as a flexor. T.he cjuadratus is most effective in side bending. 
But its origin and insertion are both posterior to tlie nuclei of the 
lumbar disks, and it can be felt to contract strongly on both sides in 
pure extension movements. Carey’s classification is more anatomic 
than functional. 

I propose classification of the muscles afliecting the spine into the 
following functional groups : 

1. Flexors 

A. Longus colli 

B. Sternocleidomastoid and other anterior mnsclcs of the neck 

C. Rectus abdominalis 

D. Intercostalis externus and obliquus externus 

E. Intercostalis internus and obliquus internus 

F. Psoas major 

The longus colli has the distinction of being the only muscle, except 
the diaphragm and a part of the psoas, attached to the spine anterior 
to the axes of motion, the nuclei pulposi. The important flexors are 
those stretched over the anterior surface of the trunk, continuous from 
the skull to the pelvis, with the interposition of sternum and idbs, and 
not touching the spine at any intermediate point except through the 
medium of the ribs. These are properly bow-string muscles. The 
oblique intercostal and abdominal muscles are important rotators of 
the entire trunk. Their action rotates the spine with the trunk, but 
does not produce torsion of the type seen in scoliosis. Combined action 
of the obliques on one side produces pure side bending with no direct 
rotary effect on the spine. Although the psoas major is primarily a 
muscle of the lower extremity, it is ixsually classified as a flexor of the 
spine and on the articulated spinal model the direction of its pull 
caused flexion of the lumbar spine in spite of the fact that the bulk 
of its attachment lies a little behind the nuclei. 

2. Extensors 

A. Interspinales 

B. Sacrospinalis'iliocostalis lunibonim, dorsi and cervicis and longissimus 
dorsi, cervicis and capitis 

C. Intertransversarii 

D. Scmispinalis capitis, cervicis and dorsi 

E. Splenius capitis and cervicis 

F. ItInUifidus 

-As bow-strings the extensors are only a series of short bow-strings. 
Considered as a group they arc attached to each vertebra consecutively. 
Because of this important contrast to the flexor muscles they had bet- 
ter not be called bow-strings at all. With the exception of the central 
fillers of tlie interspinales, all the extensors are attached laterally, as 
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well as posteriorly to the axis of motion ; acting asymmetrically, they 
produce side bending. The semispinalis cervices and dorsi, both splenii 
and the multifidiis, connecting spinous processes to transverse processes 
or to the mastoid, also belong to the next group. 

3. Deep Torsion Muscles 

A. Rotatores 

B. Multifidus 

C. Semispinalis cervicis and dorsi 

D. Splenius capitis and cervicis 

All but the rotatores are also extensors. Their general plan of 
arrangement is from transverse processes to spinous processes of verte- 
brae at a variable distance above. 

4. Transverse Traction Muscles 

A. Transversus thoracis and abdoniinalis 

B. Trapezius 

C. Rhomboids 

D. Latissimus dorsi 

E. Sacrospinalis 

F. Quadratus lumborum 

This group corresponds to Carey’s transverse traction torsion 
muscles and to Judson’s group of those connecting the vertebral 
column with the shoulders, the thoracic and abdominal parietes and the 
hips. The muscles connecting the scapula with the shoulder and those 
connecting the scapula and shoulder with the wall of the chest belong 
to this group indirectly. Except for the transversi and for the middle 
portion of the trapezius they are not really transverse but diagonal, 
and resemble stays supporting a mast. 

B. Mechanics of Muscle Pulls: I shall take the last group first, 
the transverse traction muscles. Judson showed models, as previously 
described, in which the spine was passively bent to the side and the 
passive action of transverse bands between the spinous processes and 
an outside frame caused rotation of the bodies toward the convexity 
(fig. 6A). Carey’s-® models show a spine which tends to remain 
straight because strung on a vertical spiral spring and which is actively 
pulled into a curve by the elasticity of springs passing between spinous 
processes and an outside frame (fig. 6B). This kind of pull causes 
rotation of the bodies toward the concavity. 

The important fault in both demonstrations is the hypothesis of 
independent outside supports as origins of muscles. The arrangement 
of transverse muscles on a chest supported by a spine is represented 
schematically in figure 7A. In this schema the upper trapezius and 
levator scapulae and the lower trapezius and latissimus dorsi are repre- 
sented as svmmetrical in order to hold the ends of the curve in the 
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midline, and the middle portion of the trapezius is stronger on the left 
than on the right. It is seen that asymmetry of truly transverse mus- 
cles produces a curve that is convex on the side of the stronger muscle, 
with a tendency toward rotation of the bodies toward the concavity. 
Figure 7B illustrates how well the ribs, from which the transverse 
muscles eventually take origin, are locked into the spine by the pull of 
these very muscles, and at what a marked mechanical disadvantage 
they are in producing rotation. 

The effect of diagonal muscles, the stays of the spinal mast, is 
represented in figure 7C. A spinal curve convex to the left is shown, 
with pelvis and shoulder girdle indicated in their relative positions. 
For clarity, the three pairs of dotted lines may represent, from above 
downward, the upper trapezius, the latissimus dorsi and the quadratus 
luinborum. It is readily seen that all muscles on the left, the convex 
side, are elongated. The rotation effect of these muscles is dependent 
on whether the}' are active or passive. In an upright spine bent in this 
fashion all the muscles on the left would be active in resisting gravity, 
and the effect of their pull on the spinous processes would be rotation 
of the bodies toward the concavity. If gravity were removed, as in 
side bending from the horizontal position against gravity, the diagonal 
muscles on the right, concave, side would be actively contracted and 
effect rotation of bodies toward the convexity. In actual cases of 
paralytic scoliosis the deformity may be to either side. Steindler,®” 
Moffatt and others have noted the capacity of patients for throwing 
the weight of the trunk toward the paralyzed side, leaving control of 
movement to sound muscles on the convex side. The rotation effect 
of this group is slight; I think it better not to call them rotation 
muscles. 

The group classified as deep torsion muscles undoubtedly rotate 
the spine. The action of each individual muscle is to rotate the entire 
trunk above, turning the bodies to the side opposite the active muscles. 
All of them acting on one side would produce a spiral twist of the 
spine, each vertebra tending to retain its normal relation to the plane 
of the trunk at its own level. As indicated by Fergusson,^® for 
imi)alancc of these muscles to produce the deformity typical of scoliosis 
one must suppose weakness of rotators on one side below the apex, 
and on the opposite side above the apex, of each curve. It is difficult 
to imagine such a scattered imbalance occurring primarily with the 
regularity with which the typical deformity occurs. I believe it better 
to think of this group, aided hy the oblique muscles of the chest and 

29. ^fofTatt, n. \V. ; The Operative Treatment of Scoliosi.s, J. Bone & Joint 
Surp. 10:316, 192S. 

.*0. Fcrcu??ori, .A.. R,. in rlisciission of Carey.-® 
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abdomen, as pvodnein;^ spiral rotation of the entire trunk, and to look 
elsewhere for the canse of that rotation typical of scoliosis. 

The flexors and extensors are all arranged more or less parallel to 
the spine. There is this important difference, that, whereas the flexors 
are arranged as a how-string from one end of the spine to the other 
withont contact with intermediate verlehrac, the extensors are attached 
to successive vertebrae. The mechanical significance of this in refer- 
etree to rotation can he demonstrated on the flexiijle tubing previously 
described as well as on the articulated spine. Figure SW shows the 
17 inch tube mounted as before, with flexors represented by a rubber 
hand stretched between the heads of j^ins placed anteriorly near either 
end and extensors by short hands connecting a scries of pins placed 
posteriorly. Lowering the cross-bar causes a forward or backward 
curve, depending on the relative tension of the anterior and posterior 
bands. Using a loose wire loop to produce lateral cinwature from 
either position produces a rotation of the type typical of scoliosis, that 
of the bodies toward the convexity. Both anterior and posterior hands 
tend to remain in a straight line. The anterior hand meets no resis- 
tance, while the posterior hand in its attempt draws the posterior proc- 
esses toward the midline, rotating the bodies toward the convexity. 
This effect may he expected from all of the extensors as they are all 
attached posteriorly to the axes of motion. It accompanies side bend- 
ing in either flexion or extension, though it is more marked in flexion 
because the extensors are under greater tension. 

The same phenomenon is illustrated in a mount of actual vertebrae 
(fig. 8S). A skeleton of lumbar and dorsal vertebrae is reconstructed 
by gluing pads cut from a close-meshed rubber bath sponge between 
the bodies to represent disks. The last lumbar vertebra is mounted 
on a block of wood with its top surface at 40 degrees to the base. In 
order to bring this highly flexible column under control, a rubber tube 
is threaded loosely through the neural canal and attached to a cross- 
piece above. The spine now tends to assume the normal anteroposterior 
curves, but is freely movable in all directions rvithin the limits allowed 
by the articular facets. Flexors are represented by a long rubber band 
from a nail driven into the anterior surface of the first dorsal to a 
point in the base corresponding to the symphysis pubis. An elongated 
toy balloon was interposed between the flexor band and the spine to 
represent the hollow cavity of the trunk, but was discarded because 
of the difficulty of keeping it in place during manipulation of the spine. 
Extensors are represented by short bands joining tacks driven into the 
tips of the spinous processes. When the spine is pushed into lateral 
curvature, typical rotation occurs, as with the “flexible rod” model, and 
for the same reasons. 
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An even more striking cause of rotation is explained by a study of 
the mechanics of the extensor muscles. The arrangement is peculiar 
in that the great mass of muscles lying on either side of the spine pro- 
duces both extension and side bending, that the extensors are attached 



Fit;. 8. — A. symmetrical flexible rod (rubber tube) mount, illustrating the rota- 
tion produced by c.xtensor muscles connected in series as compared with the long 
bow-strinp arrangement of flexor muscles, a static effect in lateral curvature from 
any cause. B, same phenomenon produced in a mount of actual vertebrae. C, 
rubber tube mount illustrating the dynamic effect of extensor muscles, relaxation 
on one side producing lateral curvature, rotation and kyphosis. D, same process 
illustrated in a model of the spine. 
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hitcral to the liall and socket axes of motion and that the side benders 
arc attached posterior to the same axes. J he si}jnific<mce of this 
arrangement may he illustrated on both the symmetrical flexible rod 
and on the articulated spine. On the rubber tulte (fig. SC) a series of 
common pins is stuck into the tnlte in tlie posterolateral plane on cither 
side to represent transverse processes. The band representing flexor 
muscles is used as Ijeforc. A series of short hands connecting trans- 
verse processes represents the extensors. On lowering the cross-bar, 
flexion or extension is again determined by the relative tension of tbe 
anterior and posterior bands. The rotation effects are more marked 
in flexion, and as weakness or, better, lengthening of extensors on one 
side is being investigated, enough tension is used anteriorly to produce 
flexion. If both extensor Ijands are put under equal tension no lateral 
bending occurs. If the right extensor is put under less tension, or 
removed entirely, lateral bending occurs convex to the right, with 
extreme rotation of the characteristic type. In removing lateral sup- 
port from the right, one also removes posterior support. The unim- 
paired action of the bands on the left not only bends the spine to the 
right but presses forward the transverse processes on the left. The 
unimpaired flexors press the unsupported transverse processes on the 
right side backward. This produces the typical torsion of bodies 
toward the convexity of the lateral curve. 

The process is equally well demonstrated on the spinal model 
(fig. 8D). These last demonstrations fall in line with the observation 
that typical scoliosis is associated with kyphosis. It is possible on the 
models to regulate the tension of the flexors and asymmetric extensors 
in such a way that the extensors on the “sound” side balance the flex- 
ors, thus producing lateral curvature and rotation without kyphosis. 
The body is an amazingly correlated machine which tends to compen- 
sate any deformity in every way possible. It seems reasonable, there- 
fore, that this compensatory mechanism may account for the absence 
of a kyphotic element in some scoliotic spines. 

INDICATIONS FOR TREATMENT 

The fact that unilateral relaxation of extensor muscles pi'oduces 
the three elements of the deformity, kyphosis, lateral curvature and 
rotation, is evidence in favor of the treatment of scoliosis by extension. 
It serves to explain the improvement obtained in the lateral and rotary 
elements by the prolonged hyperextension secured in recumbency on 
a convex frame. 

Figure SD shows the striking separation of the transverse proc- 
esses on the convex side which accompanies typical deformity. An 
operative technic now being worked out has as its object the preven- 
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tion of all three elements of the deformit}' by reenforcing the inter- 
transverse ligaments on the convex side. 

SUMJIARV 

1. The joints of the spine are of i-udimentaiy diarthrodial, double 
ball and socket type, the axes of all motions being located in nuclei of 
the disks. The normal anteroposterior curve is not a safeguard 
against lateral deformity. 

2. The deformit}’ in scoliosis consists of lateral curvature and rota- 
tion. In many paralytic and idiopathic cases a third element, kyphosis, 
is typical. 

3. Theories of the mechanism of the deformity are reviewed. 
Typical deformity is not due to changes in articular facets or to 
pressure from ribs. It is not explained by analogies to a mast with its 
staj's, to a bow with its bow-sti’ing or to a column of child’s building 
blocks. It is not explained by the physical laws of flexible rods, either 
flat or symmetrical. One inherent static property of the spine does 
favor the typical rotation in side bending, i.e., the expansibilit}’’ of the 
column of bodies and the elasticity of the column of laminae and proc- 
esses. 

4. The important muscles affecting the spine are classified into 
four functional groups and their mechanical effects analyzed. 

5. Two mechanical principles by which muscle pull produces tyjxcal 
rotation are described. The first depends on the long bow-string effect 
of the flexors as contrasted with the attachment of the extensors in 
series to successive vertebrae. The second depends on the triple action 
of the erector spinae, relaxation on one side producing lateral curva- 
ture, rotation and kyphosis, 

6. Hyperextension is the position mechanically favorable for cor- 
rection of scoliosis. Reenforcement of intertransverse ligaments is 
suggested as a method of preventing deformity. 
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HISTOLOGIC El'KECTS 
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The purpose of the present work was to study the effects on the 
tissues of the so-called cutting and coagulating currents, in order to 
ascertain what specific differences in effects might exist between the two, 
if any, in the hope of determining the probable damage to the tissues 
and the rapidity of repair after operations with these currents. The 
specific effects on several types of tissues were investigated. Sections 
were made in the skin of the frog, rabbit and dog; various incisions 
were produced in skeletal and smooth muscle, and the type of tissue 
lesion was described. Some attempts were made to investigate tbe 
histology of blood vessel closure by means of electricity. 

The present interest in the employment of the so-called “electric 
cutting current” devolves on the hope and expectancy of attaining two 
primary technical advantages: 

1. The production of a current which will section vascular tissues 
and organs difficult of surgical approach, with a concomitant control 
of capillary hemorrhage. 

2. The production of an incision which will approximate a scalpel 
wound in rapidity and strength of healing reaction without excessive 
fibrosis. 

The first consideration is exemplified in the removal of neoplasms ' 
from the brain, and in partial resections of the prostate, liver or spleen, 
while the second has led to experimentation in intraperitoneal pro- 
cedures, in which postoperative adhesions are particularly undesirable. 

For various reasons, the utilization of electrical machines for sur- 
gical purposes, as well as for the treatment of internal diseases, unfor- 
tunately attracts a type of practitioner inclined toward extravagant 
claims. Also, unfortunately, the distinction between cutting operations 
l)y electricity and electrocoagulation is not always understood clearly by 
the operative surgeon who is unfamiliar with the indications for, and 
the limitations of. cutting and coagulating procedures. 

Read before the Chicago Surgical Society, Nov. 6, 1931. 

.\ided by a grant from the Council on Physical Therapy of the American 
Medical Association. 

From the Departments of Physiology and Experimental Surgery, Northwest- 
ern University Medical School. 
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The surgical effects of oscillating currents result from the resistance 
of the tissues to the current, which manifests itself in the local ijro- 
duction of heat and also in the local destruction of the tissues of various 
and peculiar types. 

Interest in the therapeutic possibilities of these reactions began in 
the late eighties, and followed the discovery by d’Arsonval ^ that mus- 
cular contractions (the so-called faradic response) cease when the 
frequenc}' of oscillation of a current applied to the bod}' is raised above 
10,000 per second. A current exceeding this number of oscillations per 
second, based on d’Arsonvars findings, has been termed a high fre- 
quency current, in distinction from a low frequency current. The term 
“high frequency current” in technical electrical usage is based on other 
criteria. D’Arsonval, in 1891, suggested the feasibility of passing a high 
frequency current of 3 amperes through the human body, without pro- 
ducing any sensation in the patient except that of heat. In the same 
year, Nikola Tesla- demonstrated the production of heat within the 
tissues, by the application of high frequency currents. Doyen,® impressed 
by this demonstration, conceived the idea of producing a localized 
destruction of tissues by the resistance of the body to high frequency 
currents, and, after eleven years of experimentation, he presented to 
the French Surgical Congress, in 1907, a technic for destroying carci- 
noma with electricity. This method is now termed “electrocoagulation.” 
He considered this method of coagulation by ohmic heat a more satis- 
factory method than any employed up until that time. 

It must be remembered that Madame Curie announced the discovery 
of radium in 1898, and a decade elapsed before noteworthy contribu- 
tions were made in its therapeutic application. In 1895, Roentgen 
discovered the rays known by his name, so that research on the thera- 
peutic effects of radium, I'oentgen rays and medical high frequency 
began almost concurrently. During the decade before 1908, Nagel- 
schmidt ■* had been engaged in perfecting a high frequenc}’' machine for 
the coagulation of malignant processes, and in 1908 be presented this 
apparatus at the surgical congress at Budapest. He described the 
localized heating effects of high frequency currents as “diathermia.” 

1. d'.Arsonval. A.: .Action physiologique des courants alternatifs a grande 
frequence, Arch, de physiol, norm, et path. 25:401, 1893; Traite de physique bio- 
logique. Paris, Masson & Cie, 1901. 

2. Tesla, N., and Itlartin, T. C. : Inventions, Researches and Writings of 
Nikola Tesla, ed. 3, New York, The Electrical Engineer, 1894, p. 394, 

3. Doyen, E. : Traitement local des cancers accessibles par Taction de la 
chaleur au-dessus de 55°. Paris, A. Maloine, 1910; .A-rch. d’electric. med. 17:791, 
1909. 

4. Xagelschmidt. C. F. : Lehrbuch des Diathermic. Berlin, Julius Springer. 
1913; Ucber Diathermic. Afunchen. med. Wchnschr. 56:2575, 1909. 



l■.UJS—liI.I^Cn<OSL^KalCAL INCISIOXS 


0X3 


These coagulaUni; machines are not to he confused witli those i)ro- 
cliicing culling currenls, wliich seem to he an American contribution 
to electrosurgery, the first lieing demonstrated by Wyeth," of New 
York, before tlie surgical section of the New York Slate Medical 
Society at Rochester in 1924. 

It is my purpose to deal with the distinctions in efi’ect on tissues 
of the cutting current and the coagulating current, so far as such a 
distinction can he made, and, in a rudimentary way, with the distinction 
in the quality of the current whicli produces the cutting and coagulating 
effects. The commercial machines produced by various manufacturers 
for these purposes vary greatly in construction and produce a cor- 
respondingly great variety in the qualities of the current elaborated. 
The ohmic resistance is often too great, or too little, to yield the 



F’S- 1- — Effect of desiccating current on the skin of a frog. The cells near the 
incision are shrunken without coagulation; X 36.5. 


desired effect, and undesired secondary faradic currents, with their 
resultant neuromuscular response, are induced when improperly con- 
structed machines are employed. 

In genet al, it can be said that raising the amperage produces a 
coagulating effect, while lowering the amperage and raising the voltage 
tend to the mechanical disruption of tissue called “electrocutting.” The 
oscillation of current in these surgical machines can be attained in two 
ways; by means of a set of spark gaps or by radiotrons (radio tubes). 
The spark-gap machine produces a current from which it is difficult 
to eliminate damping. This damping is another factor which tends to 
produce a coagulating current. 

199 /' Eudotherm. Am. J. Electrolh. & Radiol. 42:187 (May) 
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THE DAMPED AND UNDAMPED HIGH EREQUENCV OSCILLATIONS 

In high frequenc}’ current, one deals with oscillations of electrons 
which perform a pendulum-like movement. As the excursion of a 
pendulum gets slowly smaller and smaller, on account of friction, 
gravity and air resistance, in spark-gap machines the oscillations of the 
electron decrease slowly; the)' are damped in the gap by the air resis- 
tance. We deal, accordingly, in spark-gap machines, with damped high 
frequency oscillations. 

Undamped oscillations may be generated by means of radiotron 
machines. These machines use the same radiotrons which are used 
for the Avireless and for broadcasting. It is known that in radiotrons 
a pure current of electrons is flowing, which is rhythmically influenced 



Fig. 2. — The picture on the left represents the average healing of the mucosal 
surface of the stomach five days after electrical incision ; that on the right, a 
scalpel incision at the same period. 


by the continually changing charge of the grid between annode and 
cathode in the tube. This is the way the oscillations are generated. 
Since the radiotron is evacuated as far as possible — i. e., free from air — 
the oscillations are not damped by air or other resistance and are 
undamped oscillations. 

The oscillating currents in radiotron machines have a precisely 
determined wavelength. In contrast to this, the oscillations of the 
spark-gap machines are composed of a mixture of waves of different 
lengths. The present lack of standardization is unavoidable because of 
the difficulty in measuring accurately the amperage or voltage of a 
high frequency current during the operation of the machine, so that 
the proper strength of current used for coagulation, or for cutting, 
must be learned by experience with each individual machine. 
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A nice baliiiicc must l)c muiiilaiiicfl Ijctwccn A’oltcii^c; <iik1 iimpciuyc. 
Also, the ciipncitv iiuluctiiiicc iiikI rcsi.st<iiicc must ciitci into tlic dclci' 
mination of the particular current used. 

Waller" has studied the tcmiierature at which a cuttintt current 
operates effectively. An undamiK'd current was investigated. A thermo- 
couple was formed hy welding a line gold wire to a coppei needle 
electrode 0.5 mm. from the tip of the needle, and the ends of the thermo- 
couple were connected to a moving coil galvanometer. Although an 
alternating potential difference of some thousands of volts is used to 
form the tiny arc of which the needle is an electrode, while cutting the 
incision into liver tissue the temperature fluctuation was hetwe-en 50 
and 200 C. This is almost the only attempt to make direct measure- 
ments of the physical characteristics of the cutting operation. A wide 
variation would he expected if various tissues were studied, because 
of the wide variation of electrical resistance of different tissues. 

The production of a cutting current with little or no coagulating 
effect is now being widely discussed in the German literature by 
Doderlein,'' in the Gynecological Clinic of the University of Munich, 
by Kiickens ® and by Keysser," a former associate of Lexer. The 
principal French contributors are Champy and Heitz-Boyer.’" 

GENERAL CHARACTERISTICS OF THE CUTTING CURRENT USED 

ON TISSUES 

The technic of electrical cutting is the most recent development in 
electrical surgery. The electrode glides through the tissues without 
the necessity of pressure. One has the impression that the tissue 
melts under the influence of the electrical current. Kirschner,^’^ for this 
reason, has given it the name of “melting cut.” This incision has the 

6. Waller, M. D. : The Temperature of the Endothermic Knife, Brit J 
Radiol. 4:178 (April) 1931. 

7. Doderlein, G. : Das Schneiden mit den elektrischen Funken, Deutsche med. 
Wchnschr. 52:59 (Jan. 8) 1926. 

8. Kiickens, H. : Ueber einige bei den Diathermieoperation auftretende Gewebe- 
veranderungen und fiber ihre Bedeutung, Beitr. z. path. Anat. u. z. all" Path 
85:695 (Nov. 20) 1930. 

9. Keysser, F. : Die Elektrochirurgie, Leipzig, Gustav Fischer, 1931. 

10. Giampy, C., and Heitz-Boyer, M. : Mecanisme d’action du bistouri elec- 
trique a haute frequence (effets therniiques et mecaniques des courants de haute 
frequence sur les tissus), Compt. rend. Acad. d. sc. 189:1039 (Dec. 2) 1929- 
fitude des effets mecaniques des courants de haute frequence; Leur action hemo- 
statique sur les vaisscaux. ibid. 189:1328 (Dec. 30) 1929; Sur I’action hemostatique 
du bistoun electrique, Compt. rend. Soc, de biol. 103:385 (Feb. 14) 1930. 

11. Kirschner, Ivl.: Aus der Praxis des “elektrischen Operierens ” Klin 
Wchnsclir. 9:725 (April 19) 1930. 
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gross appearance of a scalpel cut. Kelly has called this procedure 
“acusection,” and Keysser “ has described it as “aukutomy.” The histo- 
logic effects on tissues can be described in zones, the innermost being 
a zone of mechanical disruption of tissue and explosion of cells. The 
mechanics of this disruption has not been determined. The question of 
whether this effect is produced by molecular dissonation, due to the 
assumption by the molecules or atoms of the tissues of a new rate of 
vibration, causing dissolution of the molecular structure, as postulated 
by Oudin,*^ or is merel}' a thermal effect due to the sudden expansion 
of the cell when its liquid contents are converted into steam, which 
Jellinek thinks the simplest and most logical explanation, is specula- 
tive and need not be discussed. Just outside of this zone of tissue 
disappearance is a zone of elongation or attenuation of cells, this 
drawing-out effect being seen principally in the nuclei, which are more 
fluid than the cytoplasm. Kawamura described radiating lines of 
similarly attenuated cells running out from areas of electrical injury 
in fatal cases. Depending on the fluidity of the tissues, there is a 
varying amount of change in the orientation of these elongated cells, 
so that they tend to come to lie parallel with the direction of the cut. 
This effect is seen at its maximum in soft connective tissue or muscle, 
and cannot be produced in the stratum corneum of the skin. In paren- 
ch 3 'matous organs, this elongation is transmitted along the nearby blood 
vessels, perhaps because the tissue surrounding the vessels is less 
resistant than the vessel wall itself. 

Wildermuth,^® assuming the resistance of a chemically pure physio- 
logic solution of sodium chloride of a temperature of 18 C. as 1, esti- 
mated the specific resistance of the various tissues as follows : 


Fatty tissue 19.4 

Brain tissue 5.S — 6.8 

Pulmonary tissue 3.5 — 4.0 

Liver tissue 2.8 — 3.3 

Skin 2.5— 3.0 

Atusde 1.2 — 1.5 

Blood (approximate) 1-0 


The higher the fluid or blood content of an organ and the lower 
its fat content, the less is its resistance to electric section. The great 

12. Kelly, H. A., and Ward, G. E, : Radical Breast Operation with Endotherm 
Knife, Ann. Surg-. 42:8S, 1926. 

13. Oudin, cited by Lowry, F. P. : The Oudin Current, Am. J. Phys. Therapy 
7:489 (March) 1931.’ 

14. Jellinek, S.: Biologische Wirkungen ultrakurzer Wellen, Wien. klin. 
Wchnschr. 43:1594 (Dec. 25) 1930. 

15. Kawamura, I.: EIcktropathologische Histologic, Virchows Arch. f. path. 
-Anat. 231:570, 1921. 

16. Cited by Keysser.® 
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resistance in cntling tlirough fat, as compared to muscle and sl<in. at 
first disturbs the surgeon habituated to the scalpel, which cuts fat more 
readil}' than muscle and skin. Uhe variation of resistance to electiic 
cutting necessitates a readjustment of the machine as one passes from 
skin into fat, and then into muscle or parenchymatous organ. 

The Dehydrating Cut.— By a slight change in voltage and amj^erage, 
a cutting current can be produced with enough coagulating character- 
istics to seal the smaller blood vessels along the edge of the cut in an 
area of so-called “dehydration.” This zone is white and presents cells 



Fig. 3. — Incision through the wall of the stomach with a cutting current, without 
a zone of coagulation; X 15.5. 


with shrunken contour and pyknotic nuclei, the fluid contents having 
evaporated. The skeleton contour of tlie cells is distinguishable. The 
c 3 -toplasm stains vividly, while the nuclei are byperchromatic. 


GENERAL CIIAKACTERISTJCS OF THE COAGULATING CURRENT 
USED ON THE TISSUES 

1 his tissue effect is produced par excellence by a high amperage 
and a strongly damped current in a spark-gap machine, or by raising 
the voltage and amperage of the radiotron machine. A lower frequency 
of oscillations is necessary than for cutting purposes. Widespread 
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coagulation can readily be produced with a spark-gap machine without 
charring or carhonification of the edges of the wound. In the use of 
this, as in the cutting current, the electrode is brought in contact with 
the tissues, and then the circuit is closed. If the circuit is closed 
before the contact is made, sparking across from the electrode to 'the 
tissues may result in charring. This zone of charring interferes with 
the dissemination of the coagulating current and limits the coagulating 
effect. It is also improper to remove the electrode from the tissues 
until the current is opened. This sparking from the electrode to the 
tissues, besides the charring effect, also induces faradic extra currents 
and muscle jerking which interfere with the delicacy of the operation. 
Small areas of coagulation assume the form of a half globe or an 
inverted cone, the base of which is on the surface of the tissue being 
cut. Two definite zones can be described in the coagulating effect. 
The inner zone is blanched, and the zone external to this is hyperemic 
in appearance. The cytoplasm of the inner zone, in histologic prepara- 
tions, presents a blue nuclear staining, e. g., hematoxylin, contrasting 
with the red eosin staining of the intact tissue. The tissues so affected 
are somewhat shrunken, and the nuclei have lost their definition and stain 
poorly, or disappear. This is the t3'pical picture of coagulation necrosis. 
The proteins are split, freeing blue-staining acid radicals with a probable 
increase in the local h3’^drogen potential. According to Doderlein, the 
protein hydrosol is changed into a h3xlrogel. This inner zone passes 
over into an ill defined outer zone of shriveled cells with p3'knotic nuclei 
and a region of dilated vessels. “The faster the tissue dies, the more 
it conserves its original form and shape” (Ernest^®). The primary 
effect of the heat is identical with necrosis of ordinary skin burns. 
This applies to preparations made immediately after the operation. 
Preparations made several hours or da3's later show the outer zone 
being invaded b3" fibroblasts, with round cell accumulation and foreign 
bod3^ giant cell formations. Robertson and Bo3'd have isolated from the 
tissues coagulated b3" heat two immunologicalh’ specific toxic proteins. 
One, diffusible and thermostabile. the3' term a “neurotoxin.” and the 
other, thermolabile and colloidal, a “necrotoxin.” Pfeiffer’^ and 
Davidson and Mathew have isolated a toxic protein from the urine. 
It is probable that these toxins produce the outer area of secondary 
necrosis. 

17. Robertson, B., and Boyd, G. : To.xemia of Severe Superficial Burns in 
Children. Am. J. Dis. Child. '25:163 (Feb.) 1923. 

IS. Pfeiffer, H. : Ueber die Aussclieidung' eines peptolytischen Fermenfes im 
Harn bei verschiedenen Formen der Eiweisszerfallsto.xikosen, Miinchen. med. 
Wchnschr. 61:1329 (June 16) 1914. 

19. Davidson, E. C., and ifathew, C. W. : Plasma Proteins in Cutaneous 
Burns, Arch. Surg. 15:265 (Aug.) 1927. 
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Nieden"® has pointed out that deep coagulation, even in the inner 
zone ot complete necrosis, is always uneven. In expciiincnts in asso* 
ciation with the physicist Weiss, he tried to account for the unevenness 
and the direetion of penetration according to the distriI)Ution of stream 
lines produced by different shapes of electrodes and marked variation 
of resistance displayed by the various tissues, dhis vaiiation makes 
the direction of penetration and deep coagulation unpredictable, and 
the resulting injury to the tissue perhaps the most dangerous factor 
one deals with in electrosurgery. After coagulation in the vicinity of 
large vessels, a fatal postoperative hemorrhage may occur as the result 
of an unexpected necrosis of the vessel wall. 



Fig. 4. — Healing of the wall of the stomach after cutting a current incision 
without a zone of necrosis; X 16. 

SPECIFIC EFFECTS ON DIFFERENT TISSUES 

Skin preparations tvere first studied to determine the type of injury 
produced by the minimum amount of cutting and coagulating current 
which would leave a visible impression on the surface. Later, attempts 
were made to incise the skin of the human being, dog, rabbit and frog 
with a current producing a purely cutting effect without necrosis. In 
all skin possessed of a stratum corneum, i. e., in all types employed 
except that of the frog, a specific cutting effect without coagulation 
could not be accomplished. A narrow margin of coagulation bounded 
every incision, although this was narrower (a minimum of 1 mm.) 
with the cutting than with the coagulating current. The stratum 

20. Nicden, A.; Das Anwendungsgebiet der Elektrochirurglc Zentralhl f 
Chlr. 30:1897 (July 27) 1929. ’ ’ 
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corneum, then, resists the disruptive effect of the cutting current until 
enough heat is produced b}’- tissue resistance to cause coagulation. At 
the time of incision, the epidermis is blanched and is thinner because 
it is shrunken. The individual epithelial cells can no longer be discerned 
plainly in the stratum corneum, while in the strata mucosa and germi- 
nativa the cells assume somewhat the appearance of those in a normal 
corneous layer. The cells in the basal layers are shrunken together and 
have dark, spindly nuclei. The fibers of the connective tissues of the 
corium are either coagulated adjacent to the cut or have lost their 
fibrillary structure and appear as conglomerate masses, often resem- 
bling hyalin in appearance. The^’- can no longer be d5'^ed red in a 
hematoxylin-eosin preparation, but stain slightl}"^ blue. Between these 
close-pressed masses appear shrunken nuclei. When the cut reaches 
into the fat, only the connective tissue of the fat is changed, the fibers 
being broadened and d3'ed blue, containing p3dcnotic nuclei. In the 
stratum reticulare of the corium, flattened gas bubbles appear. Ke3'sser,‘’ 
and Schridde seem to be the first to describe this phenomenon, and 
Schridde saw it also in the epidermis. In the skin of the rabbit, con- 
nective tissue changes extend around the sweat glands at some distance 
from the region of the incision, and the hairs are fragmented in the 
changed area around the cut. 

The necrosis produced b3' the minimum of coagulating and cutting 
current, which will leave a visible impression on the surface of all the 
skins provided with a stratum corneum, presents no difference in type 
of tissue injur3^ from that of coagulation previousl3^ described. It is 
concluded, then, that it is not possible to produce a purely cutting effect 
without some necrosis on a skin with a horny layer. This slight 
necrosis, produced by the cutting current, does not, however, ahva3'S 
preclude healing by primary intention, as I found in another experi- 
ment,-- performed to test the tensile strength of wound healing on 
dogs’ skins, that 60 per cent of electrically produced wounds showed 
primar3r union in comparison with 97.5 per cent of primary union in 
scalpel wounds. When union did occur, however, the electricall3'’ pro- 
duced wounds were somewhat weaker than those produced by the knife 
until approximately the twenty-fourth day of healing. 

In the midperiod of healing, the electrica]l3' produced wounds are 
notably weaker. At twent3'^-four days, the two curves hace not yet 

21. Schridde, H. : Die elektrischen Strommarken der Haut, Centralbl. f. allg. 
Path. u. path. Anat. 32:369 (March 15) 1922. 

22. Ellis, J. D. ; The Rate of Healing of Electrosurgical Wounds as E.xpressed 
by Tensile Strength, J. A. M. A. 96:16 (Jan. 3) 1931; Attempts to Express 
}klathematically the Healing of Electro-Surgical Wounds, Surg., Gyncc. & Obst. 
52:516 (Feb.) 1931. 
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approxiiiKited, when heavy dehydration is einplo 3 'ed. 1 hat is to say, 
the attainment of a maximum of strength is delayed in the electrically 
produced wounds. 

The effects of the cutting current on skeletal muscles and the mus- 
cular wall of the stomach and intestines were studied. Incisions may 
be freely made without any zone of coagulation whatever. There are a 
change of orientation and shape of the superficial cells and a scaling 
of the capillaries and lymphatic channels. These incisions heal, with 
approximately the same tensile strength as cuts made with a scalpel and 
without secondary necrosis or infection. Tests on muscle sectipn and 
healing show no important weakness of the electrically produced wounds 
at any period of healing. A comparison in healing of electric and 
scalpel gastrotomy presents curves of healing for the electrically pro- 
duced wounds, considered as to both rapidity and time of attainment 



Fig. S. — Electric ligation of the vein, with some shattering and explosive effect, 
due to sudden application with too great current density; X 15.5. 

of maximum strength, entirely comparable to the scalpel wounds of the 
muscle wall of the stomach. 

The explanation of the failure of the skin with a corneous layer to 
give the uniform primarj^ healing which muscle displays after section 
with a cutting current and to present a narrow border of necrosis when 
enough current density is displayed to section such skin, probably lies 
in the fact that keratin, the principal constituent of the corneum, has 
a high electrical resistance. It can, in fact, be employed as an insulator. 
When enough current density is emplo 3 'ed to penetrate this layer, some 
coagulation of the contiguous, less resistant skin layers invariably results. 

Primary mesodermal healing presupposes two factors, that is, a 
deposition of a complete fibrillary fibrin network across the wound ^d 
satisfactory cellular fibroplasia. Hartwell =3 and others have shown that 

Wounds in Human Beings. Arch. Surg. 19:835 
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fibrin and collagen are deposited in priniaiy healing b}' a chemical reac- 
tion trom “prefibrin ’ by the absorption of the edema fluid of a wound. 
This appears to tiiem to be entirely or largely independent of cellular 
activity and conditioned by the h 3 'drogen potential of the wound. Fibro- 
plasia occurs first by stereotropisni of wandering tissue cells or clas- 
matocytes, along the fibrin network, and, later, by proliferation of 
these cells. This mechanism was described in 1914 by Harrison,"* 
and his work has been studied and corroborated recently by Bait- 
sell,"® Wereschinski and Carrel."® The latter has shown that the 
formative stimulus to fibroplasia is not found in the blood plasma, but 
is a local product of the injured tissues. Baker and Hammett,"® 
working in Carrel’s laboratory, found that the formative stimulus does 
not depend on liberated amino-acids from the wound or adjacent tis- 
sues, but is a protein cleavage product containing a sulphydryl group. 
The elaboration of this essential stimulus for cell multiplication is 
apparently not interfered with by the cutting current applied to the 
muscle or stomach, and, in some instances, to skin. The production of 
a fibrillar)'- fibrin network is generally not demonstrable after electro- 
surgery. Following the adA'ice of Hertzler,®® I attempted to demon- 
strate this network with a Weigert-Pal stain, and later with the 
Kilschitzski modification, but found only a granular fibrin deposition, 
such as one sees in wounds healing by granulation. 

The coagulating current, applied to skeletal muscle and stomach, 
produces the same iiwerted zone of coagulation as described in the 
deeper layers of the skin. The appearance of the coagulated muscle, 
after a few days, resembles hyalin in a necrotic area ultimately sur- 
rounded by a connective tissue capsule or absorbed and replaced by 
fibrosis. 


24. Harrison, R. G. : Reactions of Embryonic Cells to Solid Structures, J. 
E.xper. Zool. 17:521, 1914. 

25. Baitsell, A. G. : Origin and Structure of Fibrous Tissue Found in Wound 
Healing, J. Exper. Afed. 23:739 (June) 1916. 

26. Wereschinski, A. : Beitriige zur Morphologie und Histogenese der intra- 
pen'fonealen Verwacbsungen, Leipzig, F. C. W. Vogel, 1925. 

27. Carrel, A.: Process of Wound Healing, Proc. Inst. Med., Chicago 8:62, 
1930. 

2S. Baker, L. E. ; Chemical Nature of Substances Required on Cell Multiplica- 
tion, J. Exper. Med. 48:163 (Feb.) 1929. 

29. Hammett, F. S. : Chemical Stimulus Essential for Growth by Increase in 
Cell Number, Proc. Am. Philos. Soc. 68:151 (April) 1929. 

30. Hertzler, A. E. : Newer Conception of Wound Healing as Applied to 
Practical Surgery, Am. J. Surg. 7:293 (Sept.) 1929; personal communication to 
the author. 
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PAUTICULAK EI'l-ECTS ON liLOOD VESSELS 

The discussion of the effects of these currents on the blood vascular 
svstem can be divided, for clinical purposes, into . 

1. Capillary hemostasis in vessels of the size which do not usually 
bleed after the hemostat is removed in ordinary surgical proccdine, e. g., 
laparotomy wounds. 

2. The coagulation of moderate-sized vessels, such as the ones which 
must be ligated before the hemostat is removed. 



Fig. 6. — Successful hemostasis with uniform contraction of the wall of the 
artery without necrosis or pigmentation ; X 30. 


3. The closure of arteries and veins the size of the radial artery 
or larger. 

Hemostasis in Capillaries, Arterioles and Venules . — When tissues 
are severed with the cutting current without any zone of coagulation, 
capillary hemorrhage results, which suddenlr" ceases a few minutes later, 
even in such vascular tissue as the muscles or the kidney, with a facility 
that surprises the surgeon. This unusual effect was first investigated 
by Heitz-Bover."’^ He noticed, in histologic preparations, the trans- 

31. Heitz-Boyer. M. : Action heniostatique, “secondaire” du bistouri a haute 
frequence. Bull, ct mem. Soc. nat. de chir. 55:1946, 1929. 
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mission of elongation and stretching of the cells of the perivascular 
sheath to a point several millimeters from the cut end of the capillary. 
There is an abrupt change in the muscular wall of venules and arterioles, 
causing contraction and fusion with obliteration of the lumen at the 
point of severance. The arteriole, in particular, often becomes tortuous 
for a few millimeters. The vascular lumen is occluded b)" the collapsed 
walls and the few epithelial lining cells which are torn off and seen free 
in the lumen. In some specimens, no endothelial changes are seen 
except a curious, wavelike wrinkling in transverse ridges just at the 
point where the lumen begins to contract. It did not appear to Heitz- 





Fig. 7. — Correct "electrical ligation” of the artery, showing abrupt diminution 
of caliber. The changes are most notable in the muscular layers ; the intima is 
corrugated but without avulsion of the cells; X 45. 


Boyer that the existence of a few avulsed cells in the lumen was suffi- 
cient to account for the sudden hemostasis in the capillaries and arterioles 
after cutting, and he suspected that there must be a rapid and abundant 
liberation of thrombokinase from attrition of the vascular wall. The 
following experiment was undertaken. The serum of rabbits’ blood 
was placed in paraffined tubes. Small, well polished pipets were intro- 
duced into rabbits’ veins and arteries without touching the edges of 
the wounds of entrance. These vessels were then severed from 1 to 
2 cm. from the point of the pipet with undamped current and with the 
scalpel. The pipets were withdrawn and placed in the tubes containing 
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rabbits’ serum. The pipets from the vessels electrically damaged caused 
immediate coagulation of the serum, vliile those fiom the vessels uith 
the knife wounds caused no coagulation of scrum for from ten to 
twelve minutes, which is the same time that coagulation occurred in the 
control rabbit serum. He inferred from this that abundant thrombo- 
kinasc was liberated from the walls of the smaller vessels by the action 
of the electric current. 

Hemostasis in Small Fcsscls— Vessels of a size which must be 
ligated to control hemorrhage in ordinary surgical procedures are not 
generally successfully obliterated with a cutting current. Either they 
must be touched with a coagulating current, or the hemostat which 



Fig. 8. — Higher magnification to shovv the typical corrugation without avulsion 
of the intimal cells at the point of contraction of the vessel ; X 65. 

occludes them must be touched, in order to produce successful hemos- 
tasis. The less tissue surrounding the vessel that is gripped with the 
hemostat, the less is the area of necrosis formed. The smaller the 
amount of necrotic tissue, the greater is the chance of absorption of 
this tissue without a slough, and the chance of infection with secondary 
hemorrhage from the coagulated vessel. I experimented on coagulation 
of the splenic vessels and the I'adicals of the superior mesenteric A'essels 
adjacent to the small intestine in the dog and found that these were 
best occluded by use of the coagulating current. The walls present the 
same changes as occur in the capillaries on section. It is possible, how- 
ever, to exhibit enough coagulating current to break the vessel into 
fragments and produce hemorrhage, or to explode the brittle, collapsed 
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and constricted wall a few millimeters from the region of hemostasis. 
As one becomes more efficient, there is a temptation to employ more 
voltage for a shorter time. This is dangerous. It is easy to generate 
a cloud of steam at the point of application, which pushes into the 
lumen of the A'^essel and explodes, instead of seals it. It is my opinion 
that successful coagulation depends on the mechanical effect of con- 
striction of the lumen, and not on thrombus formation. The cells of 
the muscular layers appear crowded together and stained blue at the 
point of closure. There are the usual nuclear changes ■which accompany 
electric coagulation. The intima is seldom aA'ulsed, and a few free 
epithelial cells appear in the lumen. If the vessel is coagulated in the 
solid tissue of an organ, the vessel change does not extend beyond the 
tissue necrosis in the parenclijuna of the organ. This limitation of 
change was first described b)^ Kuntzen and Vogel.^- These authors 



Fig. 9. — 1, avulsion and elongation of the endothelial cells of a capillary sec- 
tioned by a cutting current. II represents the more violent action of the coagu- 
lating current which sectioned the tissue adjacent to the field shown here. This 
field is adjacent to the zone of necrosis; X 220. 

carried out experiments on rabbits. A lobe of the liver was fixed in 
the abdominal -wall and excised Avith a coagulating current. The animals 
were killed on various days. India ink was injected into the portal vein. 
Thrombi were found to form only as far as the tissue necrosis in the 
surrounding liver substance. A selective effect of the current on the 
blood vessels did not manifest itself beyond the region of coagulated 
liver. No secondary hemorrhages occurred along the vessels. This 
result agrees witli m}- experience. 

Scaling of Vessels up to Six Milliinefcrs in Diameter. — Tinker’" 
lias described the coagulation of blood in vessels of approximately 

32. Kuntzen. H.. and Vogel. W.: Histologische Untcrsuchungcn fiber die 
Wirkung cliirurgischer Diathermiestroeme, Arch. f. klin. Chir. 164; :39, 1931. 

33. Tinker, ^f. B. : Electro-SurgerA' with Special Reference to Goiter and 
i\Ialignancy, Ann. Surg. 94:587 fOct.) 1931. 




IlLLIS—IiUlCTROSURCdCAL INCISIONS 


997 


6 mm., extending 12.5 mm. along the Inmen. I was unai)lc to demon- 
strate any snch thrombosis in the arteries. In veins a definite coagu- 
lation extended not farther back than a distance eciual to the diameter 
of the Inmen when the vessel was coagulated with a current strong 
enough firmly to close but not entirely to destroy the vessel Even after 
several days this small, red thrombus was still seen in the vessel merely 
as a coagulation thromI)osis, the definition of many of the red cells 
being retained, and the white cells appeared unchanged in morpholog}- 
and distribution. There is no progression in the size of the thrombus, 
^Yhen exarnined several days after the occlusion of the vessel. 


CONCLUSIONS 


Two distinct types of tissue effect can be jiroduced by electrosurgicai 
machines. These types of tissue effect depend on the qualities of the 
current employed. The more the damping and the higher the amperage, 
the greater is the amount of coagulation accompanying the tissue sec- 
tion. Both the cutting and the coagulating current have special indi- 
cations and advantages in surgical practice. Massive coagulation of 
tissues with subsequent sloughing of the necrotic area is undesirable as 
a surgical procedure. The present electi-osurgical technic consists of 
excising a portion of tissue with the cutting or coagulating current. 

Two types of electrosurgicai machines are in common use; in one 
the frequency of oscillation is produced by a multiple spark gap and 
in the other by radiotrons (radio tubes). The first always produce^ 
a somewhat damped current. As the damping is diminished the incicior 
more nearly approximates the scalpel cut. As the damping increase^ 
the amount of coagulation increases. The radiotron machine can prT>^ 
duce a cvrt without coagulation, as the current is not damped 
increasing the voltage and amperage in this machine, coagulation re=uV- 
This is likely to be associated with a charring if the amperage i- tX' 
high. This prevents penetration of the coagulating effect into" 
tissues. 


Experimental cuts were made with both types of current 
skin of the human being, dog, rabbit and frog. The first three o'‘ 
have a skiir with a stratum corneum, and, in the presence of thi~ 
some coagulation results before penetration of the skin can b<= ' 
plished, even with a pure cutting current. This coagulation 
necessarily interfere with prixnary healing, hut only 60 per c 
cuts produced in dog's skin healed by primary intention. 
muscle and muscular layers of the stomach and intestine h 
by a cutting current without coagulation. The pbenomen " 


closure with a coagulating current is interestimr 


nenon 
jnvolvin. 


'-esse. 
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shrinkage and agglutination of the vessel walls without extensive 
thrombus formation. A large amount of thrombokinase seems to be 
liberated in the cutting of capillaries and small vessels. There are many 
serious errors to be avoided in the coagulating of vessels. Too rapid 
coagulation causes explosion and subsequent hemorrhage. 

In coagulation of tissues, the specific resistance of the tissues varies 
tremendousl}" ; e. g., fat is more than eight times as resistant as muscle, 
making the direction of the penetration of deep coagulation uncertain 
and dangerous. 

122 South Michigan Avenue. 



INFECTION INVOLVING THE ETHMOID, MAXILLARY 
AND SPHENOID SINUSES AND THE ORBIT 
DUE TO ASPERGILLUS FUMIGATUS 

KEPOUT OF A CASE 
N. FLOYD ADAMS, Jk., M.D. 

BALTIMORE 

Infection of the nose and accessory nasal sinuses by Aspergillus 
fumigatus is a rare disease. In a careful survey of the literature I was 
able to find only three cases recorded in which the infection in the sinuses 
was definitely proved to be due to Aspergillus fumigatus and five cases 
of aspergillosis of the maxillai-y sinus of undetermined type. 

Aspergillus fumigatus rvas first described by Fresenius in 1775. This 
is the commonest Aspergillus and is often found in various cereals, 
straw, hay and similar substances. It is the species most frequently 
found in man, giving rise to an aspergillosis of various organs. The 
spores are very resistant. Aspergilli are generally saprophytes, but they 
may become parasites. The effects on the human organism are due in 
addition to mechanical irritation to toxins secreted by the fungi. These 
toxins have been found to act on the muscular and nervous system of 
dogs. Harmer and Jockes^ showed that injection of cultures of Asper- 
gillus fumigatus from the antrum into the ear vein of a rabbit caused 
the death of the animal in seven days. Postmortem examination showed 
practically all the organs to be affected, and subcultures yielded pure 
growth of Aspergillus fumigatus. Bodin and Lenormond," in their 
researches on the poisonous products of Aspergillus fumigatus, working 
with guinea-pigs, rabbits and pigeons, showed that there are two dis- 
tinct toxic substances; one produces tetany and convulsions, the other 
possesses a depressing or paralyzing power. 

There are three varieties of Aspergillus which create most devasta- 
tion — niger, flavus and fumigatus. More infections arise from the 
fumigatus than from the niger or flavus types. In man. the Aspergillus 
fumigatus is most commonly found in the ear (external auditory meatus) 
and in old abscess cavities in the lung. The mode of infection is not 
definitely known. 

From the Johns Hopkins Hospital. 

1. Harmer, D.. and Jockcs, T.; Proc. Roy, Soc. Med. 12:187, 1918-1919. 

2. Bodin, E.. and Lenormond. C; Recherches sur les poisons produits par 
raspcrgilhis fumigatus. .^nn. Inst. Pasteur 26:371, 1912, 
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Aspergillus fumigatus is quite familiar as a disease of some birds 
such as the do^^e and various other small birds. In them Aspergillus 
is found in the air passages, and according to some writers produces 
pneumonia with necrosis of the lung tissue. 

In the general population of this country one rarely sees parasites in 
the nasal passages and their accessory cavities. It is common in India 
and in people who live in dirt and filth, for example, the Negroes in the 
South. 

In the old literature as far back as 1791 and through the nineteenth 
century, one finds mention of fungus of the maxillai'y sinus. The term 
fungus was used to describe a fungating growth, a spong}^ mass of 
morbid granulation tissue or a new growth malignant in character. 
Hernu ^ and Plaignaud,^ in 1791, reported cases of fungus of the max- 
illary sinus. The tissue removed from the antrum was not studied 
histologically, and cultures were not made. In their cases the history, 
clinical findings and course of the disease were t 3 ’^pical of a malignant 
growth. 

Zarniko,^ in 1891, reported the first case I could find in the literature 
of infection of the sinuses due to Aspergillus fumigatus. He stated 
that, “Aspergillus fumigatus has rarely been found in the nose and 
never in the sinuses.” The patient was white, aged 50, sex not men- 
tioned, and had a chronic suppurative infection of the left maxillary 
sinus with secondary fungus infection. The chief symptoms were diffi- 
culty in breathing through the nose, frontal headache and a thick, green- 
ish, foul-smelling discharge from the nose. Lavage of the antrum 
showed a mucopurulent discharge and dark brown-grayish material the 
size of a pea. Microscopic examination showed the presence of a 
fungus the type of which was believed to be Aspergillus fumigatus, 
although cultures rvere not made. The treatment consisted in frequent 
lavages of the antrum and the internal administration of potassium 
iodide, from 2 to 4 Gm. a day. The discharge became less, but after 
sixteen washings the fungus was still found. The patient was not seen 
again, so the end-result was not mentioned. 

Mackenzie,® in 1893, reported a case of infection of the maxillary 
sinus due to Aspergillus mycosis. The patient was a woman, aged 35, 
who for several years had a chronic, virulent, suppurative infection of 

3. Hernu, J. J. : Fongus du sinus maxillaire, abandonne a lui-meme ; ses 
ravages: la mort qui les suivit; dissection, J. de chir. 2:278, 1791. 

4. Plaignaud: Observation sur un fongus du sinus maxillaire, J. de chir. 1: 
111, 1791 ; J. de med. 87:244, 1791. 

5. Zarniko. C. : Aspergillusmykose der Kieferhohle, Deutsche med. Wchn- 
schr. 17:1222, 1891. 

6. Mackenzie, J. H. : Preliminarj- Report on Aspergillus Mycosis of the 
.Antrum Alaxillaire, Bull. Johns Hopkins Hosp. 4:9, 1893. 
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the vit’ht untvuin in which Aspcvgilli hud developed in lui t^e iiiimbei s. 
Tlie chief symptoms were u chronic nasal discharge, swelling of the 
right side of the face and over the root of the nose and pain over the 
right eye and in the right ear. A carious second right upper molar tooth 
was extracted, the antrum was opened, and the floor was perforated with 
a drill with return of a large amount of pus. The patient refused fur- 
ther surgical procedures, and for two years the antrum was washed out 
with various antiseptics which failed to cure the condition. She began 
to pass threads of a false membrane through the opening of the antrum 
into the mouth. Sections of the false membrane showed numerous 
Aspergilli which were believed to be of the fumigatus type. Cultures 
were not taken. The patient was apparently lost sight of as there is 
no mention of further treatment and of the end-result. 

Hariner,' in 1913, reported a case of suppuration of the antrum due 
to Aspergillus fumigatus. The patient was a w'oinan who had suffered 
many years with hay fever. She had a persistent discharge of mucus 
from the right side of the nose and occasional thick, membranous, 
brownish-yellow cast, which looked like wet blotting paper. The odor 
was not offensive. She had violent attacks of sneezing, occasional head- 
aches and neuralgic pains around the right eye. The right side of the 
nose was blocked wnth edematous looking mucous membrane. The right 
antrum was dull on transillumination. Her general health was bad, her 
digestion deranged, and she had the appearance of being poisoned. Her 
nervous system had suffered, and she could not sleep well at night. The 
temperature and pulse were normal. The antrum was washed out, and 
cultures on blood agar plates showed a copious growth of Aspergillus 
fumigatus in forty-eight hours at 37 C. The mycelium were best seen 
in unstained films, and the fungus grew best on Sabouraud’s maltose 
agar medium. The antrum was washed out twice a day for over a 
month with various antiseptic solutions without any improvement. She 
was then given sodium iodide internally, starting with doses of 2 grains 
(0.13 Gm.) and rapidly increasing the dosage. In forty-eight hours 
after this treatment was instituted, a great quantity of the membrane 
came away. At the end of ten days all discharge had ceased, and after 
three weeks the antrum was clear on transillumination. The symptoms 
disappeared, the edema of the nose decreased, and the patient’s general 
health rapidly improved. 

Tilley,® in 1915, reported some details from five cases of aspergillosis 
of the maxillary sinus. All five of the patients were women. The 
chief symptoms were; marked nasal obstruction, sneezing, discharge of 


7. Harmer, D.; Suppuration of the Antrum Due to .^spermlltis Fnmin-ituc 

J. Laryng., Rhin. & Otol. 28:494 (Sept.) 1913. ^ 

8. Tilley, H.; Aspergillosis of the Nasal Accessory Sinuses T Lnn-no- pv,;,, 

& Otol. 30:14.3, 1915. ’ ’ J- ng., Khin. 
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mucoid and slightly mucopurulent material, occasional expulsion of 
small masses of a whitish-gray, semitranslucent, viscous material and 
neuralgic pains in the cheek and face and pain in the eye. A Caldwell- 
Luc operation was done in all five cases. The antrum was found to be 
filled with a semisolid material, the surface of which was smooth and 
pale grayish blue; this material was extremely viscous and tenacious 
and loosely attached to the walls of the sinus from which it was sepa- 
rated with little bleeding. The histologic examination of the material 
removed from the antrum showed a mucinous material simulating an 
endothelioma with mucinoid degeneration of the stroma. Mycelial 
threads and hexagonal crystals were present. Cultures were not made, 
and the type of Aspergillus was not determined. Tilley stated that after 
operation there was complete relief from s3miptoms and no recurrence 
took place. 

REPORT OF A CASE 

History. — W. B., a Negress, aged 32, a housewife, of Wilmington, Del., came to 
Johns Hopkins Hospital on Jan. 24, 1931, complaining of prominence of the left 
eye, swelling of the left side of the nose and nasal discharge. ' The family history 
was irrelevant. The past history revealed dengue fever ( ?) in' 1923 with good 
recovery, adenoidectomy in 1917 and measles in childhood. She had rheumatism in 
January, 1930, involving most all of her joints, and had been incapacitated for six 
months. The patient dated the onset of her present illness to six years before 
admission to the hospital, when she noticed for the first time that the left eye was 
slightly more prominent than the right. At that time she was troubled with 
profuse lacrimation of the left eye and headaches. She was examined in the out- 
patient department of a northern hospital and was told she had a refractive error. 
Glasses were prescribed, but the symptoms, headache and lacrimation, persisted; 
dull aching pain in the left orbital and frontal regions and in the left temple was 
present most of the day every day and was always worse at night. Occasionally 
the left eye became red, and not infrequently she had a dull pain in the right eye. 
For six years she had a chronic nasal discharge from the left side of the nose, 
frequent colds in the head, left-sided nosebleed and difficulty in breathing through 
the left side of the nose. Three years ago she noticed a slight swelling of the left 
side of the nose. Two years ago she had diplopia when looking in any direction 
except straight ahead. This whole picture gradually became worse. The exoph- 
thalmos of the left eye became more pronounced. The vision, however, remained 
good, and her general health had been good. There was no histor 3 ' of loss of 
weight. 

Physical E.vamittation . — The patient was a well developed and nourished Negro 
woman, 32 years of age, who was not acutely ill. The temperature was 99 F., 
the pulse rate 80 and the blood pressure 104 systolic and 70 diastolic. Ophthal- 
mologic findings were as follows: right ej'e, normal; left eye, definite exophthal- 
mos. There was no bruit or pulsation. The lids closed without difficulty. The 
movement of the left ej'eball was slightly limited in the inferior direction. The 
palpebral conjunctiva of the lower lid and adjacent bulbar conjunctiva were pas- 
sively congested. The cornea was clear. The pupils were circular and equal, and 
reacted to light and accommodation. The anterior chamber was of regular depth. 
The lens and vitreous were clear. The fundi and the fields were normal. Vision 
in the right eve was 20/20 — 2; in the left C 3 ’e, 20//0. E.xamination of the nose 
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and tliroal ^Iinwcd llu; hdlowini; findings: TIutc appeared tn lie a tliickening of 
bone liclow the left orbit and a swelling along the left nasal margin with tlie inaxi- 
nnnn point of fulness over tbe lower portion of tbc nasal bone, wliieli was definitely 
tender on pressure. Tbc nasal septum was deflected to tbe left ; tbe breatliing 
space was very poor on tbe left side but good on tbe right. There was a small 
amount of mucoinirulent discharge in the left ethmoidal region ; the left inferior 
turbinate was enlarged. It was impossible to get a satisfactory view of the left 
ctbnioid region due to the marked deflection of the septum. 'J'hc nasopharynx 
looked normal. On transillumination, the left frontal sinus and antrum were 
dark; the right frontal sinus and antrum were clear. 'I'lierc were no enlarged 
glands at the angles of the jaw or in any of the triangles of the neck. The mouth 
appeared to be in good condition. The throat and cars were normal. The 
neurologic c.xanunation gave negative results. There was no general glandular 
enlargement. The heart, lungs, abdomen and extremities were normal. 

Laboratory Findings . — The Wassermann reaction of the blood was negative. 
The hemoglobin (Sahli) was 80 [ler cent, the red blood cells, 3,290,000, and the 



F'S- 1- — Photograph taken before operation, showing swelling along the left 
lateral margin of the nose, inner angle of the eye and left exophthalmos. 


white blood cells, 8,400. The differential count was as follows : polj'morpho- 
nuclears, 80 per cent ; mononuclears and lymphocytes, 20 per cent, and eosinophils, 
0 per cent. The urine was normal. The basal metabolic rate was + 11. Roent- 
genograms of the sinuses, taken on Jan. 24, 1931 (fig. 2), showed marked clouding 
of the ethmoids, antrum and sphenoid on the left side, and slight clouding of the 
left frontal sinus, also some clouding of the ethmoids and antrum on the right side. 
There was an area which suggested erosion of the orbital plate of the ethmoids on 
the left side ; otherwise the orbit was normal. There was no evidence of Paget’s 
disease. Biopsy of tissue removed from the left ethmoidal region (fig. 5) showed 
that the gross specimen was grayish, slightly transulcent in appearance and firm, 
ut did not have the exact consistency of carcinoma. Its appearance was suggestive 
of fibrous tissue rather than of tumor. Microscopic examination showed dense 
rous tissue with numerous giant cells. The}' occurred singl\' and were not 
included in definite tubercle formation. One could see in the giant cells bodies 
lading a doubly retractile membrane around them. The doubly retractile 
o ICS were seen in most of the giant cells. Special Gram stain showed 
111) ce lal bodies running through the tissue. In places they were branched ( fig. 4) . 
put lologic diagnosis of fungus infection was made. There was no evidence of 
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tumor in the sections. However, it was suggested that the fungus infection might 
be a secondarj^ invader and the underlying primary lesion a tumor. A culture was 
taken from the left ethmoidal region at the time of the biopsy and put on 
Sabouraud’s maltose agar medium. A groAvth occurred in ten da 3 's, which was 
first greenish in appearance but later turned to a brownish black (fig. 3). Under 
the microscope one could see m 3 'celial filaments with an enormous number of spores. 
The m 3 xelial filaments were more or less ramified; frequentl 3 ’^ they were branched 
and the condiophorehyphia were much thicker than the mycelial tubes. The 
conidia were round. Culturally and microscopicall 3 ', they were t 3 'pical of Asper- 
gillus fumigatus. Transfer cultures grew out in forty-eight hours and were isolated 
two or three times. 

Diagnosis. — Clinicall 3 % the diagnosis was indeed puzzling. The various impres- 
sions were mucocele, new growth, tumor involving the orbit, gumma, Paget's 
disease and osteitis. On the basis of the results of the pathologic and biologic 



Fig. 2. — Roentgenograms of the sinuses taken on Jan. 24, 1931. A, anterior- 
posterior view, showing clouding of the anterior ethmoids and antrum bilateral, 
particularly on the left, and slight clouding of the left frontal sinus. There is an 
area which suggests erosion of the orbital plate of the ethmoids on the left side. 
B, lateral view, showing clouding of the posterior ethmoids and sphenoid on the 
left. 

e.xaminations and the negative Wassermann reaction, a diagnosis was made of 
infection due to Aspergillus of the fumigatus t 3 -pe involving the ethmoid, maxillary 
and sphenoid sinuses and the orbit on the left side. 

Treatment and Course . — An exploratory puncture of the left antrum beneath the 
inferior turbinate was made. Neither air nor solution could be blown through 
the cannula. The trochar felt as if it passed through solid tissue. The nasal 
septum, which was markedh' deflected to the left, had to be straightened in order 
to get a good view of the ethmoidal region. This was done under local anesthesia 
on Feb. 10, 1931. The anatomic landmarks on the left were obliterated and the 
middle turbinate was not seen, but the region of the middle turbinate, ethmoids and 
middle meatus was filled with tissue which had a grayish-white appearance, was 
firm and bled easily. There was a moderate amount of purulent discharge in this 
region. All of the ethmoidal cells were filled with this growth. A biopsy was 
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nindc ami a ciilliirc taken. Tlic palholofjic and biolopic observations have been 
previously described. Even after careful cocainization, the ctlinioidal region never 
did seem to become totally insensitive. On account of this and the troublesome 
bleeding, nothing more was done at thi.s sitting. The incision in the septum was 
closed with black silk sutures, the left side of the nose was packed with gauze, and 
the patient was sent back to the ward. The nasal pack was removed the follow- 
ing day. 

The patient was then given large cjuantitics of potassium iodide ; she received 
100 grains (0.5 Gm.) of a saturated solution of potassium iodide by mouth daily, 
the dose being gradually increased until she was receiving 200 grains (13 Gm.) 
daily. The following two weeks she complained of almost constant headache, pain 
in and around the left eye and over the left side of the nose and check. The left 
eye and left side of the )iosc became more prominent and sore to the touch. The 
left eye felt weak. The temperature ranged between normal and 101 F. ; the 



Fig. 3. Culture from the left ethmoids on Sabouraud’s maltose agar medium. 
A growth occurred in ten days, which was first greenish in appearance but later 
turned to a brownish black. Transfer cultures grew out in forty-eight hours, and 
were isolated two or three times. 


pulse, between 90 and 120. The potassium iodide began to bring on nausea and 
vomiting and was discontinued for a few days. 

On March 3, 1931, an exploratory operation on the left antrum was done 
through the canine fossa under avertin-ether anesthesia. The bone in the region 
of the canine fossa was hard and white, and the outer aspect showed no evidence 
of necrosis. In using the perforator, hard bone was encountered for a short dis- 
tance, and then it seemed to enter dense fibrous tissue, which was almost as hard 
as bone. The left antrum was filled with this tissue. No extensive removal of 
bone and tissue was attempted at tJiis operation. Bone and tissue were removed 
for microscopic study, cultures were taken, and a large counter opening was made 
into the nose beneath the inferior turbinate. A protective gauze pack was placed in 
the antrum and its end brought out through the nose. The incision beneath the lip 
was closed with interrupted sutures of 00 plain catgut. The pack in the antrum 
was removed the following day. It was thought at the time of this operation that 
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there might be a growth of some kind, the fungus infection mereh' being a secon- 
dary invader. The gross and microscopic appearance of the tissue removed from 
the left antrum was the same as that removed from the left ethmoidal region, and 
none of the sections showed anything to suggest a tumor or new growth. The 
wound beneath the lip soon broke down, and there was a foul smelling discharge. 
The patient was given smaller doses of a saturated solution of potassium iodide in 
water, 3 cc. three times a day, which was increased 0.1 cc. per dose a day. This 
was given bj' rectum in order to lessen the nausea. Cultures taken from the left 
antrum three weeks after starting treatment with iodides were negative for fungi. 
The two bicuspid and first molar teeth in the left upper jaw became loose. The 
left antrum was kept as clean as possible with irrigations of potassium perman- 
ganate. The tissues around the wound in the canine fossa became soft and necrotic, 
and an opening developed between the left antrum and the mouth. The patient 



Fig. 4. — Photomicrograph of tissue removed from the left ethmoidal region 
(high magnification), showing mycelium. The mycelial filaments were more or 
less ramified, the breadth varying between 2 and 3 microns ; frequently they were 
branched. The condiophorehj^phia are much thicker than the m)'celial tube, being 
on the average of about 5 microns in breath. The conidia are roundish. Mycelium 
were seen best in unstained films. Fungi of the genus Aspergillus, when growing 
parasitically in the tissues, often lose their characteristics; the tj-pical fructifica- 
tions are absent, and onh- mycelial threads and roundish or oval yeastlike bodies 
are seen. Special Gram stain was used. 


continued to complain of headache and pain in the left eye and check. The 
exophthalmos became more pronounced, and the left eye became red with a marked 
conjunctivitis. Tlie temperature ranged between normal and 102 F. ; the pulse 
between 100 and 120. The patient appeared toxic and was very nervous and 
irritable, and her digestion was deranged. 

On March IS, 1931. under avertin-ether anestliesia, a nasal operation on the 
ethmoids and sphenoid and a radical operation on the antrum were done on the 
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left side. As tlie two liicuspid :ii«l first molar teeth were very loose, they were 
removed. Large masses of dense, hard, fibrous, grayish-white tissue were removed 
from the left antrum. Tlie surrounding hone, particularly in the floor of the 
antrum, the nasal wall and parts of the lateral and anterior walls, was soft and 
came away; it broke olT much like wet blotting jiaper. All of the growth was 
thoroughly removed from the antrum, and all the surrounding soft hone was 
removed until hard, normal looking hone was encountered. No defect was seen in 
the floor of the orbit. The entire lateral wall of the nose was removed, thus 
making a huge opening into the nasal cavity. The cthmoids were thoroughly 
cleaned out and found to contain the same sort of growth as in the antrum. The left 
sphenoid was opened and was found filled with jius and the .same sort of growth 
as in the ethmoids and antrum. The sphenoid was widely opened and as much of 
the growth as it was possible to take out with safety was removed. The growth 
extended up around the region of the cribriform plate and as much was removed as 
possible within the limits of safety. Numerous specimens of the tissue were sent 
to the laboratory for microscopic study, and cultures were again taken. A protec- 
tive gauze pack was placed in the antrum and its end brought out through the 
nose. The opening into the mouth was closed with interrupted sutures of 00 plain 
catgut. The antral pack was removed the next day. 

The following week the temperature ranged between normal and 100 F. ; the 
pulse, between 100 and 120. The wound between the mouth and left antrum soon 
broke down again with a foul smelling discharge and was kept clean with irriga- 
tions of potassium permanganate. The cultures taken from the left antrum, 
ethmoids, sphenoid and canine fossa were negative for fungi. It is interesting to 
note that the fungi were not demonstrated in the tissues removed from these 
regions and the teeth, a special modification of the Gram stain being used, whereas 
before treatment was started with the iodides the tissue in the ethmoidal region 
was loaded with fungi which could easily be demonstrated by means of a special 
stain. The hemoglobin decreased to 62 per cent. The patient was put on a high 
caloric diet containing 200 Gm. of liver. 

Three weeks following the last operation a stomatitis developed — small super- 
ficial ulcerations all around the edge of the tongue with sloughing of epithelial 
tissue. Cultures failed to show the presence of fungi. It was difficult for the 
patient to take nourishment by mouth on account of extreme pain. Nutrient 
enemas were given. The stomatitis cleared in a few days with the use of potas- 
sium chlorate as a mouth wash. Slight headache continued, the left exophthalmos 
became a little more pronounced, and the left eye was painful and red, with a con- 
junctivitis and inflammation of the lacrimal duct, but this improved with the use 
of irrigations of boric acid. Because of such good vision in the left eye, it did not 
seem justifiable to sacrifice the eye. 

There was a slow but gradual improvement in the patient’s local and general 
condition. The toxemia lessened, and she was not nearly so nervous and irritable. 
She was discharged on April 29, 1931, after three and a half months’ stay in the 
hospital. 

When seen a month later she felt and looked much improved but complained of 
slight pain over the top of the head. Fluids taken into the mouth would run out of 
the left nostril. There was a small fistulous opening through the canine fossa 
between the left antrum and the mouth. The nose and sinuses were clean and free 
from discharge. The exophthalmos was less marked. There was no pain in the 
eye or cheek. There was a good breathing space through the nose. The conjunc- 
tivitis and inflammation of the lacrimal duct had cleared. Seven weeks later the 
patient was seen again, and cultures were taken from the nose and sinuses. They 
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were negative for fungi. When she was seen three months later she had gained 
14 pounds (6.4 Kg.) in weight and felt better than she had for several years. She 
had no headache or pain in the left eye, nose, cheek or jaw. There was no diplopia. 
Her vision was good. The external swelling of the left side of the nose and 
exophthalmos were scarcely noticeable. The eyegrounds looked normal. There 
were no signs of inflammation of the conjunctiva or of the lacrimal duct. The 


t‘yx 














Fig. 5. — Photomicrograph of tissue removed from the left ethmoidal region, 
showing dense fibrous tissue which in places is almost hyalinized, and numerous 
giant cells. The giant cells resemble quite strikingly foreign body giant cells. 
They occur singly and arc not included in definite tubercle formation ; there JS 
merely a giant cell surrounded by fibrous tissue. Under the microscope one could 
fee oval-like bodies in most of the giant cells which had a doubly refractilc mem- 
brane around them. Special Gram stain showed numerous mj'celia throughout the 
tissue. In places they were branched. The epithelium is intact and still ciliated m 
places. The submuco.sa is edematous and contains mononuclear cells, most of which 
arc plasma cells with some eosinophils. 
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movement of llie left eye was still sliRlilly limited in the outward and downward 
direction. A small fistulous opening throiiKli the canine fossa from the left antrum 
into the mouth remained. The nose and sinuses were clear and free from discharge. 
The hard palate looked normal. The patient did not look or feel to.xic. She was 
no longer nervous and irritable, and her digestion was good. The temperature was 
normal. She was again admitted to the hosiiital for closure of the fistula opening 
between the left antrum and the mouth, which was done under avertin-ether 
anesthesia. 

COMMENT 

This case is interesting because of the rarity of the condition and 
because of the extension of the fungous infection, involving not only the 
maxillary sinus but the ethmoids, sphenoid and orbit. In the cases 
reported in the literature Ity Zarniko, Mackenzie, Harmer and Tilley, the 
maxillary sinus alone was involved. It is also interesting to note that in 
the eight previously reported cases of fungus infection of the sinuses, 
seven were in women, in one the sex was not mentioned, and the case 
reported here was in a w'oman. The mode of infection is not definitel}" 
knowm. The course of the disease is slow and progressive. In the pres- 
ent case the disease probaljly existed for six years unrecognized. Clinic- 
ally, the symptoms are those of a chronic suppurative sinusitis with 
toxic manifestations. The disease may easily be confounded with an 
ordinary chronic suppurative sinusitis, mucocele and new growth. Only 
by careful biologic and pathologic studies can a diagnosis be definitely 
made. The treatment that was found efficacious in this case was the 
internal administration of large quantities of a saturated solution of 
potassium iodide and thorough surgical removal of the growth. After 
one year the patient was free from symptoms, and there has been no 
recurrence. 
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Among the historic considerations that we have reviewed on diver- 
ticulum of the duodenum, Chomel,^ in 1710, is credited with having first 
described the condition. It is believed b}- most writers, however, that 
Chomel’s case was probabl}' one of dilatation of the ampulla of Vater 
which contained twenty-two stones. Case,- in 1913, first diagnosed 
diverticula of the duodenum roentgenologically. Forssell and Key,® in 
1915, diagnosed a case in which the diverticulum was the first to be 
removed surgically. Linsmayer,^ in 1919, reviewed the subject from 
an anatomic standpoint, as did Odgers,® Grant,® Herbst,’^ Nagel ® and 
others, and Spriggs and Marxer,® in 1925, gave an excellent summary 
from a roentgenologic point of view. 
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In rca-nt ycnrs frcc|iR-nl references liave been made to the symptoms 
and complications which may he caused hy duodenal diverticula. This 
is jirohahly due to the increased sii^nificance ascribed to them since 
they be^an to be diastnosed by means of the roenti^en rays. Scott,"' in 
a recent iniblication. stated that all duodenal diverticula probably 
eventually cause symiitoms, and that they arc one of the causes of the 
chronic condition of the abdomen, toijelher with that of duodenal ileus 
and splenic dra.e;. 

Ri:vii:\v oi' LiTKiJATi’in-: 

Following Chomel. Morgagni," in 1761, described the next case of 
diverticulum of the duodenum. The nature of the diverticulum is 
questionable, altbougb Busebi.'- in liis review, mentioned that Mor- 
gagni had recorded the first true cause of duodenal diverticulum. 
Fleischmann.” in 1815. reported 3 typical cases. Subsequently, there 
were occasional reports of cases from postmortem material."' Harley’s 
report, in 1857, was the first to appear in English literature. He 
described a diverticulum containing a large gallstone, and its true nature 
is questionable. Cruveilhicr,''’ in 1849, when writing on diverticula of 
the gastro-intestinal tract, described pouches in the esophagus and colon, 
and stated that diverticula did not occur between these two points. 
Perry and Shaw.’” in 1893, gave the most detailed report which had 
appeared since Fleischmann’s report ; they reviewed 10 cases from the 
postmortem records of Guy’s Hospital from 1826 to 1892, and 4 cases 
from other sources. Following this, the most noteworthy considerations 
and reports of cases came from Rolleston and Fenton " in 1900, 

10. Scott, S. G. : Diverticula of the Duodenum, Brit. AI. T. 1:346 (Feb. 28) 
1931. 

11. Morgagni, quoted by Buschi.i^ 

12. Buschi, Giuseppe : Beitrag zur Untersuchung der Duodenaldivertikel, 
Virchows Arch. f. path. Anat. 206:121 (Oct. 13) 1911. 

13. Fleischmann, quoted by Buschi.^- 

14. Habershon, S. O., quoted by^ Spriggs and Marxer.'’ Harlej', George : 
Specimen of Hepatic-Intestinal Calculus, Tr. Path. Soc. London 8:235, 1857. 
Klebs, quoted by Hansemann : Virchows Arch. f. path. Anat. 144:400 (Alay 6) 
1896. Moore, Norman; Alultiple Diverticula of the Small Intestine with Con- 
genital Stricture of the Duodenum, Tr. Path. Soc. London 35:202. 1884. Roth, M. : 
Ueber Divertikelbildung am Duodenum, Virchows Arch. f. path. Anat. 56:197 
(Nov. 1) 1872. 

15. Cruveilhier, quoted by Spriggs and Marxer.® 

16. Perry, E. C., and Shaw. L. E. ; On Diseases of the Duodenum, Guy’s Hosp. 
Rep. 50:171, 1893. 

17. Rolleston, H. D., and Fenton, W. J. ; Two Anomalous Forms of Duodenal 
Pouches, J. Anat. & Physiol. 35:110 (Oct.) 1900. 



1012 


ARCHIVES OF SURGERY 


Fischer in 1901, Voigtel in 1904, Bassett in 1907, Gordinier and 
Sampson in 1906, Keith-- in 1910, Baldwin-® in 1911, Buschi in 
1911, Bauer in 1912, Davis®® in 1913 and Wilkie®® in 1913. Thus 
far, all cases reported had been found at necropsy. Since the first 
roentgenologic diagnosis of duodenal diverticulum in 1913, many 
references to it have been found in the literature, and diverticula are 
now frequentl)'^ diagnosed roentgenologicall}’.®' Numerous instances 
are reported of removing the dh’^erticulum surgical^.®® 

Hypotheses with regard to etiology are as follows : Fleischmann, 
Keith ®® and Roth stated their belief that herniation of the duodenal 
mucosa occurred at the points where the duodenal musculature was 
weakened by penetration of the bile and pancreatic ducts. Letulle and 
Nattan-Larrier,®® however, tried to show that the musculature about 
the duodenal papillae is stronger than that in other regions of the 
duodenum. Klebs, in 1869, was the first to call attention to the part 
played b}'^ blood vessels in the formation of diverticula of the intestine 

18. Fischer, M. H. : False Diverticula of the Intestine, J. Exper. Med. 5:333 
(Jan. IS) 1901. 

19. Voigtel, quoted by Spriggs and Marxer.® 

20. Bassett, V. H. : Duodenal Diverticula, with Especial Reference to Diver- 
ticula Associated with the Pancreatic and Biliary Ducts, Tr. Chicago Path. Soc. 
7:83 (Dec.) 1907. 

21. Gordinier, H. C., and Sampson, J. A.: Diverticulitis (not Meckel’s) Caus- 
ing Intestinal Obstruction, J. A, M. A. 46:1585 (May 26) 1906. 

22. Keith, Arthur : A Demonstration on Diverticula of the .A.linientary Tract 
of Congenital or of Obscure Origin, Brit. M. J. 1:376 (Feb. 12) 1910. 

23. Baldwin, W. M. : Duodenal Diverticula in Man, Anat. Rec. 5:121 (March) 
1911. 

24. Bauer, Theodor; Ueber das Duodenaldivertikel, Wien. klin. Wchnschr. 25: 
879 (June 6) 1912. 

25. Davis, N. S.: Diverticula of the Duodenum, Tr. Chicago Path. Soc. 9: 

1 (Feb.) 1913. 

26. Wilkie, D. P. D. : Duodenal Diverticula and Duplicature of the Duodenal 
Wall, Edinburgh M. J. 11:219 (Sept.) 1913. 

27. Scott. Carman, R. D. : The Roentgenologic Diagnosis of Duodenal 
Ulcer, .-Vm. J. Roentgenol. 3:252 (May) 1916. Lockwood, A. L. ; Duodenal 
Diverticula, Tr. A. Res. and e.x-Res. Physicans, Mayo Clin. 10:54, 1929. 

28. Forssell.® Basch, Seymour : Diverticulum of the Duodenum, with a Report 
of a Case Diagnosed During Life and Successfully Operated on. Am. J. M. Sc. 
153:833 (June) 1917. Downes, W. A.: -A. Duodenal Diverticula, Ann. Surg. 76:^ 
43 (July) 1922. Lewis, Dean: A Duodenal Diverticulum, J. -A. M. A. 76:78 j 
(M arch 19) 1921. Maclean, N. J. : Diverticulum of the Duodenum, Surg., Gynec. 
& Obst. 37:6 (July) 1923. Siegrist, Hans: Ein Beitrag zur Kasuistik der 
Duodenaldivertikel, Cor.-Bl. f. schweiz. Acrzte 49:47 (Jan. 41 1919. 

29. Keith, .Arthur ; The Nature and .Anatomy of Enteropto.sis (Glenard s 
Disease), Lancet 1:631 (March 7) 1903. 

30. Letulle, Maurice, and Xattan-Larrier : Region vaterienne du duodenum ct 
ampoule de \'ater. Bull, et mem. Soc. anat. de Paris 12:491 (June) 1898. 
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other tlian cIiuKleiial. and this idea has hecn reemphasized by Hansc- 
niann,^' Graser and Fisclier. Keith also advocated tlie idea that traction 
exerted at the side of tlie comnion l)ile dnet l)y ]>tosis of abdominal 
viscera and increased inlra-intestinal jiressnre might, in certain cases, 
give rise to these diverticula. ]\oth. who was proI)ahly the first to 
advoc.ate the idea of traction, believed that the ])nll on the duodenum 
might he exerted by a jiancreas which was receding, owing to atrophy. 
Chomcl and Harley concluded that traction might he exerted Iw scar 
tissue, and more recently. Davis stated that the superior and inferior 
pancreatic-duodenal arteries may cause the necessary amount of traction 
in cachectic sul)jccts. Op]iosed to the traction hy])Othcsis were Buschi 
and Jach.^^ who argued that if jnill were e.xerted it would not be confined 
to isolated small areas of the duodenum, as would necessarily be the case 
in the formation of duodenal diverticula. Tliey also argued that if an 
atrophic, receding pancreas were to exert the necessary traction, dense 
fibrous tissue would have to he interposed between it and the duodenal 
wall, and this is never found. 

\'arious writers have favored the congenital origin of these struc- 
tures. among them Buschi, Gancly,^* Letulle,®^ Marie and Wilkie. 
Buschi argued that the duodenum shows a predisposition to congenital 
anomalies because it is the portion of the intestinal tract which under- 
goes the greatest changes during fetal development. He quoted Shaw, 
who found a diverticulum associated with duodenal stenosis in an infant. 
He also quoted Lewis and Thyng’s demonstration of epithelial out- 
groM'ths from the duodenum in earl}' human, pig and rabbit embryos, 
and the association of diverticula with accessory pancreatic tissue. Other 
arguments in favor of the congenital origin are the facts that duodenal 
diverticula may be accompanied by other gastro-intestinal diverticula,-” 
and that they are seldom associated with inflammation or dilatation of 
the duodenum itself.” 

31. Hansemann. David: Ueber die Entstehiing falscher Darmdivertikel, 
Virchows Arch. f. path. Anat. 144:400 (May 6) 1896. 

32. Graser, Ernst : Ueber multiple falsche Darmdivertikel in der Fle.xura 
sigmoidea, Miinchen. med. Wchnschr. 46:721 (May 30) 1899. 

33. Jach, quoted by Buschi.^- 

34. Gandy, M. C. ; Diverticule duodenal congenital, Bull, et mem. Soc. anat. de 
Paris 2:691 (July) 1900. 

35. Letulle, Maurice : Malformations duodenales. Diverticules perivateriens. 
Bull, et mem. Soc. anat. de Paris 12:807 (Dec.) 1898. 

36. klarie, M. R. : Diverticules duodenaux perivateriens. Bull, et mem. Soc. 
anat. de Paris 1:982, 1899. 

37. Lewis, F. T., and Thyng, F. W. : The Regular Occurrence of Intestinal 
Diverticula in Embryos of the Pig, Rabbit, and l^fan, .^m. J. Anat. 7:505 (Feb. 29) 

1 OAO ^ ' 
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Increasing consideration has been accorded the idea that a congenital 
muscular defect forms a locus minoris resistentiae which is the basis for 
the later development of intestinal diverticula. The localized weakness 
is said to be due either to penetration of the bile and pancreatic ducts, 
or of blood vessels as previousl}'^ stated, or simply to pathologic changes 
in the musculature. Andrews,®® Bassett, Opie,'*® Ribbert,'*^ and others 
made brief statements as to the influence of accessor}" pancreatic tissue 
in weakening the wall of the bowel, whereas Hansemann reasserted that 
traction on the accessory pancreas, as described by Neumann and 
Nauwerck,*® was a factor in the production of diverticula of the small 
bowel. Cases of intestinal diverticula other than duodenal, associated 
with an accessory pancreas, have been reported by Hanau,'*® Klob,^^ 
Weichselbaum,'*® Zenker and others, and Gardiner reported a case 
of a congenital hour-glass stomach combined with an accessory pancreas. 
Linsmayer, in 1919, to whose paper we wish to draw particular attention, 
emphasized the influence of the pancreas above all other factors. In 
addition to the fact that he always found the diverticula in close associa- 
tion with the pancreas, as have other observers, he stated that in the 
smallest diverticula, which were not fully formed, he found small lobules 
of pancreas between the muscle bundles ; in 3 duodenums without diver- 
ticula he found pancreatic tissue embedded in the muscularis externa. 
He stated that the development of a duodenal diverticulum is dependent 
on the displacement of pancreatic tissue in the wall of the intestine, 
which tissue produces a circumscribed locus minoris resistentiae, and 
that duodenal diverticula “are congenital only so far as the predisposi- 
tion to them occurs, due to dystopia of pancreatic tissue arising in 
earliest fetal life.” In this connection it may be noted that Zenker, in 
1861, found an accessor}' pancreas in S cases, lying within the wall of 
the intestine ; 1 of these lay near the tip of a finger-like true diverticulum, 

5 cm. long. 

38. Nagel.8 IMayo, W. J. ; Wilson, L. B., and Giffin, H. Z. : Acquired Diver- 
ticulitis of the Large Intestine, Surg,, Gynec. & Obst. 5:8 (July) 1907. 

39. Andrews, E. W. : Duodenal Diverticula, J. A. M. A. 77:1309 (Oct. 22) 
1921. 

40. Opie, E. L. : Diseases of the Pancreas, ed. 2, Philadelphia, J. B. Lippin- 
cott Company, 1910. 

41. Ribbert, Hugo : Lehrbuch der allgemeinen Pathologic und der patho- 
logischen .A.natomie. ed. 7, Leipzig, F. C. W. Vogel, 1920, p. 489. 

42. Xauwerck, C. : Ein Xebenpankreas, Beitr. z. path. Anat. u. r. allg. Path. 
12:29, 1893. 

43. Hanau, quoted by Lewis, p. 441. 

44. Klob, quoted by Opie.'*® 

45. Weichselbaum, A., quoted by Lewis.'*’ 

46. Zenker, F. A. : Xebenpancreas in der Darmwand, \ irchows Arcli. f. path. 
Anat. 21:369, 1861. 

47. Gardiner. J. P. : .A. Case of Congenital Hour-Glass Stomach with .Accessory 
Pancreas, J. A. M. .A. 49:1598 (Xov. 9) 1907. 
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111 an altcinpl to obtain sonu‘ ilclinitc; infonnalion on the fetal 
development of the pancreas and dnodcnnin, a brief review of .studies on 
the embryology of these organs was made. Lewis stated that a ])an- 
creas both dor.sal and ventral has been fmmd in 3 and d mm. embryos, 
and that an accessory jiancreas is nio.st freipiently connected with the 
-Stomach, hnl also occurs in the duodennm. jejimnm and ilenm, and “has 
been frequently found at the apex of a true diverticnlnm.” Lewis and 
Thyng found ejiithelial nobs in Iniman, as well as in pig and rabbit 
embryos, which were interiireted as epithelial diverticula. Holly 
described the epithelial outgrowth from the duodenum, penetrating the 
niesobiastic portion of the wall of the intestine. 

The development of the well dilTerentiated muscle la3'crs occurs at 
a much later date than that of the epitlielial elements, according to 
Lewis,*'* who stated that the longitudinal muscle of the duodenum 
becomes distinct at the 75 mm. stage. He gave no time for the develop- 
ment of the circular muscle, which is probably developed somewhat 
earlier than the longitudinal; one of us (Dr. Horton'*”) observed that 
the circular muscle layer in the stomach and duodenum is well developed 
in a 41 mm. human embiwo. 

With regard to the form and iiosition of the pancreas in some of the 
lower vertebrates, Oppel quoted Maas as having found a pancreas- 
like organ embedded in the serosa of the wall of the intestine in myxine 
glutinosa, one of the C3'clostomas, and Brachet '*'* found a ring-shaped 
mass of cells around the circumference of the midgut beneath the 
epithelium, in ammocetes. In Salamandra maculata, the longitudinal 
muscle partiall3' surrounds the pancreas for a short distance. 

The clinical significance of duodenal diverticula is still debatable. 
Baldwin, Bauer, Davis, Fischer and Wilkie reported isolated cases of 
duodenal diverticula which were believed to have caused obstruction and 
even death. Occasional cases of perforation have also been reported.”'* 

48. Lewis, F. T. : The Development of the Small Intestine, the Large Intestine, 
the Liver, and the Pancreas, in Keibel, Franz, and Mall, F. P. : Manual of Human 
Embryology, Philadelphia, J. B. Lippincott Company, 1912, vol. 2, p. 381. 

49. Helly, Konrad : Zur Pankreasentwickelung der Siiugetiere, Arch. f. mikr. 
Anat. 57:271, 1901. 

50. Horton, B. T. : Pyloric Musculature, with Special Reference to Pyloric 
Slock, Am. J. Anat. 41:197 (May) 1928. 

51. Oppel, Albert: Lehrbuch der vergleichenden mikroskopischen Anatomic 
der Wirbeltiere, Jena, Gustav Fischer, 1900, vols. 2 and 3. 

52. Maas, Otto, quoted by Oppel,®* vol. 3, p. 825. 

53. Brachet, A., quoted by Oppel,®* vol. 3, p. 829. 

54. Lucinian, J. H. : Diverticulum of the Duodenum Perforated into the 
Pancreas, Am. J. Roentgenol. 24:684 (Dec.) 1930. 
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Cole and Roberts/® in 1920, suggested that possibly primary carcinoma 
of the duodenum arises from the pancreatic tissue which is so commonly 
found in the walls of duodenal diverticula. Confirmation of this state- 
ment has not been found in the literature. The association of diverticula 
with duodenal ulcer and choIec3'Stitis has been emphasized by some 
writers.®® However, Robertson and Hargis did not mention duodenal 
dir^erticula in their report, in which they emphasized shortening of the 
distance between the ampulla and prdorus in cases of duodenal ulcer, 

MATERIALS AND RESULTS 

The material for this stud}- was taken from the postmortem records 
and specimens of the Ma 3'0 Clinic, up to June 1, 1931. The records 
were first reviewed, and the description was noted of all structures diag- 
nosed as duodenal diverticula. These specimens were then studied, and 
the final anal 3 ’^sis excluded those so-called diverticula which had formed 
as results of duodenal ulcerations. Pouchings and deep beds of scar 
tissue in the first portion of the duodenum were frequentl 3 '’ designated 
as duodenal diverticula in the older records, and occasionally even as late 
as 1923. However, in recent 3 -ecirs the pouchings in the region of the 
pylorus were designated as such, and the deep ulcer-beds were recorded 
as ulcers. The final material anatyzed consisted, therefore, onl 3 f of those 
duodenal diverticula which, in the literature, are commonty designated 
as “false” or “primar 3 f” dir'erticula or as “mucosal hernias,” and which 
we will refer to as “duodenal diverticula.” 

The total number of duodenums in which diverticula were found 
was 122, the first one having been recorded in 1913. The total number 
of diverticula of the duodenum in these 122 cases was 145. One hundred 
and eight of these occurred singl 3 '', whereas in 14 of the duodenums 
examined 2 or more diverticula were found. In other words, 88.53 per 
cent of the duodenal diverticula in this series occurred singly, whereas 
11.47 per cent occurred as multiple diverticula. Of these multiple 
diverticula 2 occurred in 8 cases, 3 diverticula in 4 cases, and 4 and 5 
dii'crticula in 1 case each ; thus greater multiplicit 3 '^ occurs only rarely. 
Among those listed as single diverticula are included 7 which were 
bilocular; that is, thex' had a single opening but with a subdivision of 
the sac into two parts b 3 " a septum. 

A large percentage of the diverticula occurred in close relationship to 
the major and minor duodenal papillae. The position of the diverticula 

55. Cole, L. G., and Roberts. Dudley-; Diverticula of Duodenum: Their 
Clinical and Roentgenological Recognition, Surg., Gynec. & Obst. 31:376 (Oct.) 
1920. 

56. Perry and Shaw.’® Wilkie.-® 

57. Robertson. H. E.. and Hargis, E. H. : Duodenal Ulcer : An Anatomic 
Study, H. Clin. Xorth America 8:1065 (Jan.) 1925. 
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with relation to the papilla of Valor was delenninetl either from the 
protocol or by examination of the specinien in HI instances. Ihe 
position in 4 of the 145 cases was not ascertainable. In 82 cases (58.15 
per cent of 141 ). tlie cliverticnlum was closely associated witli the papilla 
of Vater (figs. 1, 2 and 3). Thirty-six (25.53 ]ier cent) of the diver- 
ticula occurred iiroximal to the papilla of Vater. and most of these were 
apparently adjacent to the minor papilla, which frccjuently contains pan- 
creatic tissue besides tbe duct of Santorini. Ihus, 83.68 per cent of the 
diverticula occurred in association with pancreatic ducts. 1 wenty-three 
(16.31 per cent) of the diverticula were situated distal to the papilla. 
None was found in the first portion of the duodenum. These statements 
apply to the position with relation to tbe long axis of the duodenum. An 
additional and very important point to be empbasized is the position with 
relation to the circumference of the duodenum. In every instance, the 
orifice of the diverticulum occurred on the concave or pancreatic border 
of the duodenum, and the sac either penetrated or lay against the pan- 
creas. The smaller sacs were buried in the pancreas. Those that were 
larger were in contact with the pancreas only at the neck of the sac, with 
the fundus covered by a small amount of areolar tissue, and lying either 
dorsal or ventral to the duodenum and the pancreatic head (fig. 1 A). 

The size of the diverticula varied considerably. The diameter of the 
orifice, which is usually circular, and the depth of the sac were the two 
measurements most frequently recorded. The smallest diverticulum 
consisted of a tiny, blind tract which had burrowed down along the 
intramural portion of the common bile duct for 0.3 cm., its orifice being 
only 0.2 cm. in diameter and situated at the base of the papilla. The 
largest diverticulum measured 5.0 cm. in diameter at the orifice, and the 
sac was 7.0 cm. in depth and lay superior and slightly dorsal to the 
head of the pancreas. These two cases represent the extremes in size. 
The average diameter of the orifices was 1.15 cm., the diameters most 
frequently measuring between 1.0 and 2.0 cm. The average depth of 
all the sacs measui'ed was 2.01 cm. The depth of the sac varied more 
than did the diameter of the orifice, but the majority were between 1 
and 2.5 cm. 

klost of the sacs had orifices which were smaller in diameter than 
the widest diameter of the deeper portions of the sac ; that is, they were 
flask-shaped (fig. 1 A). In a few instances the mucosa at the rim of the 
orifice was thickened and formed an overhanging thick ridge. In those 
diverticula which were ver}' small or which, though broad, were still in 
an early stage, this flasklike characteristic was lacking: the orifice was 
as large as, or larger, than the widest portion of the depressed area 
(figs. 1 B. 2 and 3). 

IMicroscopically, the duodenal diverticula were found to be primarily 
mucosal structures, the majority having no muscle layers in their walls. 



1018 


ARCHIVES OF SURGERY 


In those which we believe to be early diverticula, the muscle layers of 
the duodenum extended for a variable distance down into the wall of 
the pouch, but were practicall}' discontinued near the fundus of the pouch 
(figs. 2, 3 and 4). The fundus was thus composed only of mucosa, 
submucosa and a small amount of connective tissue resting directly on 
the pancreas, with occasional small, smooth muscle bundles present in 
the connective tissue at the fundus. In those early diverticula which 
Avere situated immediately adjacent to the papilla of Vater or to the 



D iverticulum 



Fig. 1. — A, external aspect of large diverticulum from a man, aged 77. The 
sac is 5 cm. deep. P indicates pylorus. B, early diverticulum from a man, aged 61. 
The probe is in the common bile duct, and projects through the ampulla of Vater. 
A broad, shallow diverticulum and one of a small, shallow type may be observed in 
this and in figures 2 and 3. 

minor papilla, the duct musculature was present on one side of the pouch 
(figs. 2 and 3). In all of the large and older diverticula, the muscle 
layers of the duodenal wall stopped quite abruptl}’’ at the orifice, 
leaving the wall devoid of muscle or practically so. Occasional!}" a few 
small muscle bundles were found deep at the fundus of the sac, but 
these were never prominent and had to be searched for carefully. In 
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two fairly early diverticula, which we helievc were destined to be 
Ijiloctilar had the jiatients lived Iniyuer. there were fairly large masses 
of muscle between the imicosa and the jiancreas at the fundus of the 
pouch. These masses caused low jirojections ujnvard into the sacs, 
forming the beginnings of double .sacs. The muscularis mucosa was 
intact in all instances and occasionally .seemed to he hypertrophied. 

1 he mucosa in the earlier diverticula was thicker and contained more 
glands and villi than in the older sacs (figs. 2. 3 and 4). Brunner’s 



Fig. 2. Section through diverticulum shown in figure 1 B. Strands of muscle 
tissue almost completely surround the fundus of the sac. van Gieson stain ; X 5. 


glands in var 3 dng proportion were found in a good man}’ of the sections 
studied, and would, no doubt, have been found more frequently had a 
greater number of sections been cut from each diverticulum. Lymph 
follicles were occasionally found. However, in the large sacs of older 
patients, the mucosa was thin and atrophic, and devoid of Brunner’s 
glands and lymph follicles. 

Eridences of previous inflammation were not observed, either in 
the eaily or in the old sacs, and no dense connective tissue bundles could 
c made out beneath the mucosa, as were found in some of the diverticula 













Fig. 4. — Section through an early diverticulum which occurred just proximal 
to the papilla of Vater in a woman, aged 59. The muscle coats are absent in the 
fundus of the sac which lies directly on pancreatic tissue, but muscle bundles are 
present about the plexus of ducts. This diverticulum was probably destined to be 
bilocular, the ducts resulting in the formation of a septum. The folding of the 
mucosa, as well as the tissue which contains Brunner’s glands and lymph follicles, 
is unusual, and indicates an early stage in the formation of a diverticulum, 
van Gieson stain; x 7. 

than 1 to 19 years, no cases; from 20 to 29 years. 1 case; from 30 to 
39 years. 5 cases; from 40 to 49 years, 15 cases; from 50 to 59 years. 
30 cases; from 60 to 69 years. 39 cases: from 70 to 79 years. 26 cases, 
and from 80 to 89 years. 6 cases. The youngest suljject found to liave 
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a duodenal diverticulum was 22 3 -ears of age. With the exception of 
some questionable cases in infants, this is the }^oungest subject with 
diverticulum found at necrops}'^ that is recorded in the literature. 

An analysis of the ages of the 14 persons who had multiple diver- 
ticula disclosed a distribution similar to that of the complete group. The 
duodenum which was found to have 5 definite diverticula was taken 
from a woman aged only 41 years. 



Fig. 5. — Normal duodenum, through the papilla of Vater, from a woman, aged 
47. Pancreatic tissue is seen to extend upward to the mucosa, beside the common 
duct, leaving a small area devoid of muscle, where the mucosa lies immediately 
over the pancreas, van Gieson stain ; X 7. 

Of the 122 suljjects with duodenal diverticula, 78 were men and 44 
women. 

In 34 (27.87 per cent) of the cases, there were diverticula of other 
portions of the gastro-intestinal tract. One was a diverticulum of the 
esophagus and I. of the stomach; 2 were Alcckel’s diverticula; 8. jejunal 
and ileac diverticula other than Meckel's, and 24 sigmoid and other large 
intestinal diverticula. In 15 (12.3 per cent) of the cases there were 
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congenital anomalies, as follows: 2 cases of Meckel’s diverticula; 1 case 
of accessory pancreas (situation not stated), 3 cases of accessory spleens, 
1 case of aplasia of the left kidney, 1 case of cystic kidneys, 1 case of 
congenital cystic pancreas ; 1 case of horseshoe kidney, 1 case of mal- 
formation of the spigelian lobe of the liver, 1 case of partial duplication 
of the left ureter, 1 case of a suprarenal rest in the kidney, 1 case of 
duplication of the gallbladder and 1 case of coarctation of the aorta and 
duplication of the left renal pelvis and ureter. 










m 






Fig. 6.— Cross-section through minor papilla and duct of Santorini, from a 
man, aged 47. Between the circular (a) and longitudinal (t) muscle layers lie 
lobules of pancreas, while larger lobules He beneath the mucosa and about the ducts 
van Gicson stain ; X 12. 


Healed or chronic duodenal ulcer occurred in only 13 cases, and the 
average distance between the ampulla and ptdorus was 7.6 cm. Chole- 
lithiasis or cholecystitis or both were present in 39 cases (31.96 per cent) 
In an attein]it to find evidences of the precursors of these diverticula 
a series of SO apparently normal and fetal duodenums was studied’ 
I'Uty-eight blocks were cut from the region of the minor papilla seventv 
tiiree lilocks from the region of the major papilla and fiftv-six blocks 
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from areas from 3 to 6 cm. distal to the major papilla. The entire 
duodenal wall and the underlying ])ancreas and connective tissue were 
included in all these blocks. The tissues were allowerl to become fixed 
in a modified Kaiserlinj^’s solution before being cut. in order that the 
duodenal wall might better retain its relationship to the underlying 
tissues. The majority of .sections were cut at right angles to the long 
axis of the duodenum, hut some were cut jxirallel to the long axis. 
Occasional sections were stained with hematoxylin and eosin, but the 
majority were stained witli van Gicson’s stain, which gave clear distinc- 
tion of muscle from connective tissue. Three series of serial sections 
were cut from the papilla of \'ater and the adjacent duodenal wall and 
pancreas. 



Fig. 7. — Section taken proximal to the papilla in a normal duodenum from a 
man, aged 37. In a, the circular muscle layer is intact, but in b pancreatic lobules 
have broken up the longitudinal muscles ; X 25. 


Because of the constant relationship of duodenal diverticula to the 
pancreas, and because of the fact that the duodenal musculature is absent 
from the diverticular walls, the sections were studied with special refer- 
ence to the muscle layers and the underlying pancreatic tissue. In most 
of the blocks cut from the region of the amimlla (66 per cent), it was 
found that beneath the intramural portion of the common bile duct, just 
before it opens into the duodenum, the longitudinal la3"er was absent 
for a var)dng distance, although the circular muscle layer was usualty 
intact. The longitudinal muscle laj'er, when absent beneath the duct, 
was usuall}^ seen to end by penetrating the subjacent pancreas. In the 
interval between the two ends of longitudinal muscle on either side. 
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ihc p:\ncvcas V.\y imnu-diiUvly hvm-:uh \1 k- vivcuhw nuiscU- liiycr. Svctiniih 
imnu'diatdy distal (n the tip nf tlie iiaidila. in wliicli case tin: dticts 
were not. included in the sections, also fve(ine\ttly disclosed that the 
lonu:itndinal ninsde layer was absent for a short tlistance. lIowevtM-. in 
those sections taken more, than O.S cm. distal to the tip of the papilla, 
both mnscle havers were .always found to he int.aet. I’loeks which were 



Fig. 8. — Cross-section through the duodenum of a fetus at full term. The 
circular muscle layer is intact, but at a and b the longitudinal muscle ends quite 
abruptly ; X IS. 


cut just at the point where the common bile duct penetrated the mus- 
culature revealed that both layers of muscle were absent where the 
duct lay, as was to be expected. In these sections it was frequently 
noted, however, that the longitudinal layer penetrated the pancreatic 
lobules a considerable distance before the circular muscle ended either 
by an abrupt juncture with the musculature surrounding the ducts or by 
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also penetrating the pancreatic tissue. In a few instances a small lobule 
of pancreas was seen, lying between the ends of the two muscle layers 
and the musculature of the duct, immediately beneath the mucosa 
(fig. 5). In two cases there was pancreatic tissue about the duct beneath 
the mucosa. The finding of pancreatic tissue beneath the mucosa at the 
duct of Santorini is of common occurrence (fig. 6), but is seldom seen 
at the amjiulla of V'ater. 

In a study of serial sections cut through the ampulla and the adjacent 
duodenal wall, the findings were similar to those just described. The 

Summary oj Results of Study nj Ouc Hundred and Ttirnty'T^ca Cases of 

Duodenal Dhrrtieulosis 


Number Per Cent 


Cases of duodcnnl dlvertfculn 122 

Cases of niultiplo duodenal diverticula If 

Total number of duodenal diverticula 

Number associated with other diverticula of the eastro-intcstinal tract 04 

Position with relation to ampulla, nsccrtalnnblc l-U 

At ampulla S2 

.\bovo ampulla SC 

Below ampulla 23 

Size: 

Diameter of orifice (average) l.lCcm. 

Largest 5.00 cm. 

Smallest 0.20 cm. 

Depth of sac (average) 2.03 cm. 

Largest 7.00 cm. 

Smallest O.SO em. 

Incidence by age: 

Average CO.S years 

Oldest S7.0 years 

Youngest 22.0 years 

Sex: 

J\Ien 7S 

Women 44 

Associated with congenital anomalies 15 

Associated with cholelithiasis or cholecystitis 30 

Associated with duodenal ulcer 13 


11.17 

27.SG 

5S.l.j 

25.53 

10.31 


04 

30 

12.29 

31.90 

10.05 


circular muscle layer closed beneath the ducts, after the}" had penetrated 
the musculature, sooner than did the longitudinal layer, so that in part 
of the series only circular muscle was present beneath the ducts. To 
one side of the ampulla, the longitudinal muscle dipped into the pancreas 
before the ducts were reached, leaving onl}" a thin band of circular 
muscle between the mucosa and the pancreatic lobules. The mucosa 
dipped down at this point, and la)" close to the muscle, forming the rather 
deep depression which could be so commonly observed beside the 
ampulla. In sections cut through the tip of the ampulla, the circular 
muscle layer was markedi}" thickened in some areas close to the ducts. 

In the region of the minor papilla, or ducts of Santorini, the longi- 
tudinal muscle was more frequently (82 per cent) displaced by pan- 
creatic lobules, even in areas some distance away from the ducts (figs. 
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(1 and 7). As has l)ccn mcnlidiu-d. |)ancrfalic lohnlcs were fm|ucntly 
fdinul lyini; ahont the pli-xns nf dncls, luMicath the inncdsa. and in several 
instances masses <it' |)ancreatic tissne lay between dr within the ninsclc 
layers ( fii:. <>). 

7'he Idiiijitndinal and circular innscle layers weri' always fnnnd to he 
intact in those blocks ent varyintt: <listatices distrd to the papilla of Vater, 
exccjit when the blocks were taken within S mm. of the papilla, in 
which case, as mentioned ])revtdusiy. the lon,i;itndinal layer was .some- 
times absent. In a few instances the muscle layers in the lower ]K)rtion.s 
of the duodenum were definitely thinned and atroiihic in apiiearance, 



Fig. 9. — Cross-scctioii through the duodenal wall and subjacent pancreas, from 
a fetus of 5 months. Between a and b pancre.atic lobules have displaced both 
circular and longitudinal layers. On the left, the longitudinal muscle is seen to 
dip down into the pancreas and connective tissue, van Gieson stain ; reduced 
from X 45. 

and in 4 cases some of the longitudinal muscle bundles were found to 
extend into the subjacent connective tissue and pancreas. 

Sections from the duodenums of 10 fetuses, varying from 5 to 8 
months in prenatal development, were studied. Variations in the mus- 
culature were found, similar to those just described in the adult. In 
five of eight blocks cut through the intramiu-al portion of the common 
bile duct after it had penetrated the muscle layers and lay beneath the 
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mucosa, the longitudinal muscle was absent for a variable distance and 
was replaced by ])ancreatic tissue. In fme instance there was a marked 
thickening of the circular muscle layer close to the j)ai)illa. Of seven 
blocks cut from regions in'o.ximal to the major jxipilla. four contained 
areas in which the longitudinal muscle was absent and re])laccd by j)an- 
creas, which lay immediately beneath the circular muscle layer (fig. 8), 
At the points where the longitudinal muscle layers were interrupted, the 
muscle fibers dipped down beneath the pancreatic lobules. In a fetus of 
5 months' development, the pancreas was found to have penetrated the 
circular as well as the longitudinal muscle layer, in an area jiro.ximal 
to the papilla of \*ater (fig. 9). 


COMMKXT 

From the results of this study, an estimate of the incidence of 
duodenal diverticula could be only roughly approximated. As is well 
known, when one liecomcs interested in a particular lesion and begins 
to search diligently for it. it will he found more frequently than when 
casual observation of the organ in question is made. This point is 
brought out b\’ the increased frequency with which duodenal diverticula 
have been found at the j\Iayo Clinic within the last few years. Thus, 
in 1913, 1914, 1915 and 1918. only 1 duodenal diverticulum was found 
each year, while in 1916. 1917, 1919 and 1920, none was recorded. In 
1921, 3 cases were recorded: in 1922, 5. etc. The incidence then 
graduall}' increased each year with the exception of 1926; in 1930 the 
maximum of 2.8 per cent among all postmortem examinations was 
reached. However, up to June 1, 1931, in the course of 216 abdominal 
examinations, duodenal diverticula were found in 11, or in more than 
5 per cent. Manifestl}^ since the inajorit)' of postmortem examinations 
at the Mayo Clinic are performed on adult bodies, these figures do not 
give an idea of the occurrence in a cross-section of the population. The 
same inaccurac}" holds when one attempts to determine the incidence 
from the literature. Of the larger series of cases taken from records 
of necropsy, such as Linsmayer’s series, the majorit}'’ come from clinics 
where a large percentage of the examinations are performed on old 
subjects, and in these the incidence is higher. Reports from roent- 
genologists are also inaccurate, since ver)' small diverticula cannot be 
detected by them, and in addition, they see primarily adults, persons 
with gastro-intestinal complaints. From various sources then, by rough 
estimation, the incidence among all persons is perhaps less than 1 per 
cent, although even this figure seems high if compared with Rankin and 
Brown’s estimate, which is less than 1 per cent for diverticulosis of 
the entire gastro-intestinal tract. 

58. Rankin, F. W., and Brown, P. W. : Diverticulitis of the Colon, Surg., 
Gynec. & Obst. 50:836 (May) 1930. 
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OmiiKiivd with utluT (livctiictil.-t of tin- aliiiU'iit:iry tract, dtiodciial 
divcrtictiia stand aiiproxiniatcly inuhvay In-twccii tlic most common an<I 
tlic least common. 1 )ivcrticnla of the colon. ]):irticnlarly of the si.ymoid 
llcNitrc. arc hy far the m<ist common; Meckel's diverticnl.a are said to 
stand second in fre(|nency. while e-'-ophaA'cal fliverlicnla are said to he 
the most frecinent of diverticula of the upper jiart of the ^astro-intestinal 
tract, h'rom our ohservations. we shojild estimate that duodenal diver- 
ticula .are a])proximately as frecpient in occurrence as are Meckel’s diver- 
ticula. and more fre(juent in occurrence than esophageal diverticnla. In 
the stomach and jiharynx the.se anomalies are seldom found. 

There has been considerahle diversity in the terms used to dcsi; 4 uate 
duodenal diverticula. 'J'hey are commonly referred to as “false" diver- 
ticnla. this term heintx used in contradistinction tt) the “true" diverticula, 
the walls of which contain all the layers of the intestinrd wall, as does 
a Meckel's diverticulum. “I'alse" seems to us a misleading term, since 
duodenal diverticula are as truly diverticula as are Meckel’s diverticula. 
Duodenal diverticnl.a have also I)een termed “congenital” to distinguish 
them from the “accpiired" diverticula associated with duodenal ulcer. 
This is erroneous, for in few of the cases have the diverticula heen 
jtroved to be congenital. Odgers introduced the term “]:)rimary'’ to 
describe these diverticula, using “secondary" to describe the diverticula 
following ulcer. This is an improvement on the older term “false,” but 
still does not seem satisfactory. The French term, divcrticulcs peri- 
ratcriciis, is correct for those diverticula which occur beside the papilla 
of \'ater, but is obviously incorrect when applied to those occurring in 
other situations. The old descriptive term used by von Rokitansky 
with reference to most gastro-intcstinal diverticula, namely, “mucosal 
hernias,” is the only descriptive term which is entirely correct and which 
does not impl}'^ more than is accepted concerning these structures. 
It would seem that no descriptive adjective is necessaiy in describing 
these pouches, since "diverticulum” is now practical!}^ never used with 
reference to an ulcer crater or other pouching. 

Practically all investigators of this subject are agreed that the walls 
of duodenal diverticula are made up of mucosa, muscularis mucosa and 
connective tissue, with occasional bundles of smooth muscle. Onl}^ a 
few exceptions to this statement have come to our knowledge in a review 
of the literature. Baldwin, in 1911, reported a series of cases and stated 
definitely that in all there was a layer of muscular tissue in the u'all. 
Case and Bonneau ““ said that the smallest diverticula have muscle in 

59. von Rokitansky, Carl ; A Manual of Pathological Anatomy London 
Sydenham Soc., 1849-1854, vol, 2, p. 48. 

60. Bonneau, Raymond; Diverticules du duodenum, Presse med. 2:817 (Sent 
26) 1923. 
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tlicir walls, while those that are larger are devoid of imiscle. Our study 
has sliowii that the small, early diverticula have the duodenal muscle 
coats extending for a variable distance down the sides of the diver- 
ticulum, but in no instance was a continuous layer of muscle found 
extending without break of contimiih- around the fundus of a diver- 
ticulum, as Baldwin described, and we could find no reports similar to 
Baldwin’s in the literature. Our findings have corroborated the majority 
of the cases reported, in that the fundus of the diverticulum is usually 
devoid of muscle tissue or contains only a few. small, scattered fibers 
which can be identified by the van Gieson stain. The mu.scularis mucosa, 
as stated previously, was intact in all cases, and in a few instances 
seemed to be hypertrophied. 

As stated by most authors, the mucosa is atro])hic. smooth and 
thinned out in the large and obviously old diverticula. However, in 
those that are seen earlier in their development the mucosa frequently 
still retains a few folds and Brunner's glands, and an occasional lymph 
follicle (figs. 2, 3 and 4). In addition to the presence of mucosal folds 
and Brunner's glands, the early diverticula also have a different con- 
tour; they are either broad and shallow or deep and narrow, but they 
do not have the bottle-shaped outline of those that are older. This rela- 
tively small size of the orifice was emphasized by Linsmayer, who 
expressed the belief that the orifice retains approximately the size of 
the actual muscular defect, while the sac expands more and more with 
age and as pressure is exerted on its wall from within. 

As to the histogenesis of these structures, the results of the study 
of normal duodenums can, we believe, be correlated with that of the 
structure of the diverticula. In human fetuses as well as in adults, 
we have found that pancreatic lobules frequently have developed in the 
position in which the muscle layers of the duodenum should normally 
develop (figs. 5, 6, 7, 8 and 9), and that this anomaly occurs most often 
in the region of the pancreatic ducts. It is well known that in embryonic 
life the epithelial elements of the gastro-intestinal tract, as well as of its 
offshoots, the liver, pancreas, etc., are well developed before the muscle 
layers of the adult tube are laid down. Lewis stated that the dorsal 
and ventral pancreas have been found in 3 and 4 mm. embryos, and 
that the longitudinal muscle of the duodenum is not developed until 
the 75 mm. stage is reached, whereas Horton found circular but not 
longitudinal muscle in a 41 mm. embryo. In addition to the facts given, 
various investigators have found that in some of the lowest verte- 
brates, pancreatic tissue is incorporated within the duodenal wall. All 
these facts, together with the fact that duodenal diverticula lie against 
the pancreas, without a muscular coat, seem to be convincing evidence 
that these diverticula arise on the basis of a locus viinoris rcsistentiac 
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pi'dihiccd Uv :iii aiimnalniiv j^inwth of jiaiicrcatic tissiu’ in tlic wall of 
tin- <lnu(K-miin. Tlii;- ainmialy may Ik- a of llic condition 

found in .'-omc lower vcrichratcs. 

The. ^e()\ience of evenly may tlm;^ he somewhat as follows: 'I'he 
I'ancreas is hiid down at an early fetal aite. t'lnd the duodenal mnscnlaltn'e 
develo]is later. If some ji.ancreatie lohnles have jienetrated the mesen- 
chyma in areas which were to have been ocenpied hy the muscle layers, 
the mnscle cells cannot devi'lop in those areas. (laps arc therefore 
left in the mnscle layer or layers. These ftaps are small, hnt as atje 
advances, or as increased ]iressnre is hroiijtht to hear on the dnodenai 
wall, fir when the tissues have lost some of their elasticity, the mneosa 
is forced down lhroni;h the mnscle layers where they are thin or absent, 
and a diverticnlnm is formed. The ^aj) in the mnscle ])rohahly enlarges 
only slightly, and forms the neck of the .sac. The mnco.sa, however, 
stretches ont gradnally. to form the hnlhons sac which we see in the well 
develoi)ed diverticnlnm, while the pancreas gr.adnally gives way to the 
advancing sac. 1 f the sac continnes to enlarge, it gradnally jinshcs ont 
beyond the confines of the pancreas, and lies in the areolar tissue in that 
region, behind the peritonenm. 

This explanation would hold for all the dnodenai diverticula which 
we have examined. It explains their occasional occurrence in young 
persons as well as their greater frequency in older persons, and why 
they seem invariably to occur on the concave or pancreatic wall of the 
duodenum. It seems logical that growth of pancreatic tissue in the duo- 
denal wall should be most likely to occur near the points where the 
pancreatic anlages first make their appearance as buds from the duodenal 
epithelium, thus explaining why most diverticula occur in the region of 
the pancreatic ducts. Linsmayer has emphasized these points particu- 
larly, and other investigators have mentioned the influence of accessory 
pancreatic tissue in rveakening the wall of the intestine. One additional 
point in favor of this argument is the occasional occurrence of pan- 
creatic tissue in the walls of ileac diverticula. Diverticula of the stomach, 
with accessory pancrqatic tissue in their rvalls, have also been reported 
occasionally. Thus, although duodenal diverticula are not themselves 
congenital, the conditions which favor their development in later life are 
laid down in earliest fetal development. 

This study has not substantiated the older and frequently quoted 
theory that diverticula occur at points of penetration of the duodenal 
wall by blood vessels. The blood supply of the second and third por- 
tions of the duodenum comes from the dorsal and ventral arcades 
formed by anastomosis of the superior and inferior pancreaticoduodenal 
arteries, which lie along the concave border of the duodenum, resting 
on the pancreatic head. Straight branches from these arches penetrate 
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4. At necropsy they are most frequently found in sul)jects who Iiave 
passed the liftli decade of life, hut they ina}- occur in j-ouni,'’ subjects. 

5. The large and obviously old sacs are bottle-shaped, while the early 
diverticula may be iiroad and sliailow. 

6. Duodenal diverticula arc not congenital, but probably develop in 
adult life on the basis of a locus niiiioris resist cut iac jiroduced by an 
anomalous congenital growth of pancreas within the duodenal wall. 

7. The wall of the apparently normal duodenum in the fetal and 
adult state may contain j^ancrealic lobules which displace muscle fil)ers, 
thus producing a locus luluoris rcsistcutiac. 

S. Duodenal diverticula probably seldom cause clinical symptoms or 
serious complications, but it is possible that an unidentified pouch might 
form a serious hazard in the course of operation on the upper part of 
the abdomen. 

9. The dix’erticula in this series were associated with congenital 
anomalies in 12.3 per cent of cases, and with other diverticula of the 
alimentary tract in 27.8 per cent. 



rxiLA’n-KAf. SIMXI-: la'siox 


A SlMI’l.inn* TLCIINIC 
SAMII-H. KI.KIXnKKC. M.O. 

M,\\ 


’I he •ijHM'.'itidi'i (tf insiini is loni; ]»:(si ilu- exinTiiiicntal staije 

ami is cstal)lishc(l as a valiialilo promiure in stnictiiral scolinsis. frac- 
ture of tile spine, tiestruciive disease of tiie vertelirae. spomlylolistiiesis 
ami similar comlitioiis. 'I’lie operation is advised willi reserve Iiy many 
suri,'eons hee.anse the teehnie is iliflienh. In the liands of llic exjieri- 
cnced spine fusion may he aecompattied hy sliocic. wliicli at times borders 
ou Iiein.^ dangerous. It therefore occurred to me that it mif^ht lie pos- 
silile to circumvent tliese difticnlties and yei attain the ])rimary object 
of tlie operation, namely, fusion of the laminae and s])inon.s processes, 
hy emiiloyin^ a simiililied technic. 'Hie idea originally j^rew out of my 
experience in scoliosis. In the very severe tyjies of this deformity 
one is compelled to do a unilateral fusion, as it is fre(|nenlly diflicnlt, 
and sometimes impossilile. to exiiose thoron,y:hly the posterior arches 
on the convex side of the curve. In many cases the a])i)arcntly incom- 
plete operation was entirely satisfactory. Unilateral spine fusion, accord- 
ing to the method about to he described, is es))ecially applicable to 
lesions of the .spine in which there is little or no lateral distortion of 
the vertebrae, and to the lower half of the spine in which the spinous 
processes arc fairly iliick, that is. from the tenth dorsal to the sacrum. 

TKCtINIC 

Let it be assiiinccl tliat one is dealing with a case of tuberculosis of the first 
lumbar vertebra. A vertical incision is made in the median line of the back from 
tlie tenth dorsal to tiic third lumbar spinous process. The incision is extended 
through the superficial and deep fascia, immediately bringing into view the spinous 
processes (fig. 1). With a sharp thin chisel the eleventh dorsal spinous process 
IS split in an anteroposterior direction; the left half is left attached to the vertebra, 
while the right half is split off from the lamina near its base. A periosteal elevator 
IS inserted under the split off half of the process, and the process and the periosteum 
on the right side of the arch are elevated from the underlying bone to the articula- 
tion. The interspinous ligament is cut through in an anteroposterior direction, and 
the right half is retracted outward with a periosteal elevator. The same procedure 
IS carried out on the other spinous processes and the interspinous ligaments. 
Within a few minutes and with little trauma the laminae on the right side of the 

This method was presented at a meeting of the Clinical Society of the 
Hospital for Joint Diseases, New York, Jan. 5, 1932. 
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vertebrae arc exiioscd. Tlie retracted mass of tissue contains muscle, five large 
segments of l)onc. the corresponding interspinous ligaments and the periosteum of 
the laminae (fig. 2). Under tliis thick layer of tissue a graft of beef hone is placed 
on the laminae near the articulations (fig. 3). Freciucntly, before placement of the 
graft, chips of hone are removed from flie laminae and placed across the inter- 
laminar si)aces. The sheet of muscle, hone and periosteum is then mobilized by two 
incisiotis through it, one at each e.xtremity. With gentle traction the split portions 
of the spinous processes are brought into the interspinous areas and into contact 
with the unsplit segments (fig. -1). They are held in place with interrupted strong 



Fig. 1. — The vertical dotted line indicates the incision through the spinous 
processes and interspinous ligaments. The horizontal dotted lines indicate the 
incision through the periosteum to allow mobilization of the sheet of tissue con- 
taining the split off portions of the spinous processes, the periosteum, the inter- 
spinous ligaments and the muscles. 

number 3 or 4 chromicized catgut sutures passed through the strong fibroperiosteal 
covering on the spinous processes. The wound is closed with a layer of catgut 
sutures for the deep fascia and another for the superficial fascia and a larger of silk 
sutures for the skin. 

As the steps of the operation are few and the technic is simple, 
the actual operating time is rarely more than from fifteen to twenty 
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6 and 7). As has been mentioned, pancreatic lobules were frequently 
found lying about the plexus of ducts, beneath the mucosa, and in several 
instances masses of pancreatic tissue lay between or within the muscle 
layers (fig. 6). 

The longitudinal and circular muscle layers were always found to be 
intact in those blocks cut varying distances distal to the papilla of Vater, 
except when the blocks were taken within 8 mm. of the papilla, in 
which case, as mentioned previously, the longitudinal layer was some- 
times absent. In a few instances the muscle layers in the lower portions 
of the duodenum were definitely thinned and atrophic in appearance. 



pig 9 . Cross-section through the duodenal wall and subjacent pancreas, from 

a fetus of 5 months. Between a and b pancreatic lobules have displaced both 
circular and longitudinal layers. On the left, the longitudinal muscle is seen to 
dip down into the pancreas and connective tissue, van Gieson stain; reduced 
from X dS. 

and in 4 cases some of the longitudinal muscle bundles were found to 
extend into the subjacent connective tissue and pancreas. 

Sections from the duodenums of 10 fetuses, varying from 5 to S 
months in prenatal development, were studied. Variations in the mus- 
culature were found, similar to those just described in the adult. In 
five of eight blocks cut through the intramural portion of the common 
bile duct after it had penetrated the muscle layers and lay l)eneath the 
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4. The patients have much less discomfort than from the more exten- 
sive operation of fusion. 

5. Postoperative shock is eliminated by the short anestliesia and 
the simple technic. 

6. Fusion occurs unusually fast because the spinous processes are 
brought into contact with segments of their own substance. 



Fig. 3. — The same view as that shown in figure 2. A beef bone graft has been 
placed on the laminae covering the articulations. The small insert is a diagram- 
matic sketch showing half of the spinous processes split off and retracted outward 
with the periosteum and muscles. The small dark square represents a cross-sec- 
tion of the bone graft placed on the lamina near the intervertebral joint. 

7. The ultimate support of the affected area of the spine comes from 
fusion both of the spinous processes and of the laminae. 

As the spinous processes of the upper and middorsal vertebrae are 
comparatively thin, the operation of unilateral spine fusion is limited 
for the present to lesions in the lower half of the vertebral column, 
that is, from the ninth or tenth dorsal . vertebra to the sacrum. In the 
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Compared with other diverticula of the alimentarj' tract, duodenal 
diverticula stand approximately midway between the most common and 
the least common. Diverticula of the colon, particularly of the sigmoid 
flexure, are by far the most common ; Meckel's diverticula are said to 
stand second in frequency, while esophageal diverticula are said to be 
the most frequent of diverticula of the upper part of the gastro-intestinal 
tract. From our observations, we should estimate that duodenal diver- 
ticula are approximately as frequent in occurrence as are ^leckel’s diver- 
ticula, and more frequent in occurrence than esophageal diverticula. In 
the stomach and pharynx these anomalies are seldom found. 

There has been considerable diversity in the terms used to designate 
duodenal diverticula. They are commonly referred to as ‘'false” diver- 
ticula, this term being used in contradistinction to the “true” diverticula, 
the walls of which contain all the layers of the intestinal wall, as does 
a iMeckel’s diverticulum. ‘‘False" seems to us a misleading term, since 
duodenal diverticula are as truly 'hverticula as are iMeckel’s diverticula. 
Duodenal diverticula have also been termed ‘‘congenital” to distinguish 
them from the “acquired” diverticula associated with duodenal ulcer. 
This is erroneous, for in few of the cases have the diverticula been 
proved to be congenital. Odgers introduced the term “primary” to 
describe these diverticula, using ‘‘secondary" to describe the diverticula 
following ulcer. This is an improvement on the older term ‘‘false,” but 
still does not seem satisfactory-. The French term, diverticules peri- 
vateriens, is correct for those diverticula which occur beside the papilla 
of \'ater, but is obviously incorrect when applied to those occurring in 
other situations. The old descriptu e term used by von Rokitansky 
with reference to most gastro-intestinal diverticula, namely, “mucosal 
hernias,” is the only descriptive term which is entirely correct and which 
does not imply more than is accepted concerning these structures. 
It would seem that no descriptive adjective is necessary in descriliing 
these pouches, since “diverticulum” is now practically never used with 
reference to an ulcer crater or other pouching. 

Practically all investigators of this subject are agreed that the trails 
of duodenal diverticula are made up of mucosa, muscularis mucosa and 
connective tissue, with occasional bundles of smooth muscle. Only a 
few exceptions to this statement have come to our knowledge in a review 
of the literature. Baldwin, in 1911, reported a series of cases and stated 
definitely that in all there was a layer of muscular tissue in the wall. 
Case and Bonneau said that the smallest diverticula have muscle in 

59. von Rokitansky. Carl ; -A ^[anual of Patliolopcal .Vnatoniy. Lonrk.n. 
Svdenham Soc., 1849-185-1. vol. 2, p. 48. 

' 60. Bonneau, Raymond: Diverticules du duodenum. Presse mid. 2:.«ir fSept. 
26) 1923. 
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already described. 'J'be total time of the operation wa.s twenty-one and a half 
minutes, at the end of which time the iiafient was in excellent condition. The post- 
operative course was uneventful. Within two days tlie patient was entirely com- 
fortable. He was discharged from the hospital at the end of seven weeks. A 
spinal brace was api)licd three months after the operation and discarded si.x months 
later, when support was no longer necessary, .At the time of this report, one 
year after operation, the patient has no backache and can lift 100 pounds (45.4 Kg.) 
without much effort. In the ruentgenographic lateral view of a lumbar spine that 
has not been operated on the spinous prf)Cesses are separated by large distinct 





Fig. 5. — Lateral view of a normal lumbar spine. Note the clear interspinous 
spaces. 

intervals (fig. 5). In the postoperative lateral view of this patient (fig. 6) one 
sees the darker shadows of the undisturbed portions (n) of the spinous processes, 
and between them are lighter shadows (b) of the displaced segments of bone 
bridging the interspinous areas. The body of the fractured vertebra is connected to 
the adjacent vertebral bodies bj’’ large bridges of bone. Thus the area of fracture 
is well protected by bon}' union of the injured vertebra to those above and below it 
both anteriorly and posteriorly. 

Case 2. — Joseph L., aged 55, had a fracture of the first lumbar vertebra. He 
was admitted to the Hospital for Ruptured and Crippled and was operated on on 



HORT OX-MU ELLER— DU ODES AL DIVERTICULA 


1031 


produced by an anomalous growth of pancreatic tissue in the wall of 
the duodenum. This anomaly may be a persistence of the condition 
found in some lower vertebrates. 

The sequence of events may thus be somewhat as follows : The 
pancreas is laid down at an earlj' fetal age, and the duodenal musculature 
develops later. If some pancreatic lobules have penetrated the mesen- 
chyma in areas which were to have been occupied by the muscle layers, 
the muscle cells cannot develop in those areas. Gaps are therefore 
left in the muscle layer or layers. These gaps are small, but as age 
advances, or as increased pressure is brought to bear on the duodenal 
wall, or when the tissues have lost some of their elasticity, the mucosa 
is forced down through the muscle la\ers where they are thin or absent, 
and a diverticulum is formed. The gap in the muscle probably enlarges 
only slightly, and forms the neck of the sac. The mucosa, however, 
stretches out gradually, to form the buliious sac which we see in the well 
developed diverticulum, while the pancreas gradually gives way to the 
advancing sac. If the sac continues to enlarge, it gradually pushes out 
beyond the confines of the pancreas, ami lies in the areolar tissue in that 
region, behind the peritoneum. 

This explanation would hold for all the duodenal diverticula which 
we have e.xamined. It explains their occasional occurrence in young 
persons as well as their greater frequency in older persons, and why 
the}’- seem invariably to occur on the concave or pancreatic wall of the 
duodenum. It seems logical that growth of pancreatic tissue in the duo- 
denal wall should be most likely to occur near the points where the 
pancreatic anlages first make their appearance as buds from the duodenal 
epithelium, thus explaining why most diverticula occur in the region of 
the pancreatic ducts. Linsmayer has emphasized these points particu- 
larly, and other investigators have mentioned the influence of accessor}’ 
pancreatic tissue in weakening the wall of the intestine. One additional 
point in favor of this argument is the occasional occurrence of pan- 
creatic tissue in the walls of ileac diverticula. Diverticula of the stomach, 
with accessory pancreatic tissue in their walls, have also been reported 
occasionally. Thus, although duodenal diverticula are not themselves 
congenital, the conditions which favor their development in later life are 
laid down in earliest fetal development. 

This study has not substantiated the older and frequently quoted 
theory that diverticula occur at points of penetration of the duodenal 
wall by blood vessels. The blood supply of the second and third por- 
tions of the duodenum comes from the dorsal and ventral arcades 
formed by anastomosis of the superior and inferior pancreaticoduodenal 
lie along the concave border of the duodenum, resting 
on the pancreatic head. Straight branches from thcbC arches penetrate 
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similar operation was carried out lower down, including the fourth and fifth 
lumbar and the first and second sacral segments. The jirocedurc was performed 
thoroughly, and yet the total time retpured for both operations was less than an 
hour. This patient, too, has done well. She is now walking about freely, wearing 
a spinal brace, and has no discomfort in her back. 

Case 4. — Miss K. R. was a patient of my associate, Dr. Btichman, who gave me 
the details in this case. For two years she had been suffering from tuberculous 
disease of the upper lumbar vertebrae. Psoas abscesses had developed. She had 
high fever for many weeks and was in poor general condition. The abscesses had 
to be drained. The patient was kept in bed on a convex frame for several months. 
Finally she improved sufficiently to warrant the undertaking of an operation. It 
was manifestly important to obtain fusion through an operation that would be 
thorough and yet of short duration and involve a minimum of trauma. The tenth 
dorsal to the fifth lumbar vertebrae, inclusive, were operated on. The technic 
described in this paper was used. The patient stood the operation well, and is 
convalescing satisfactorily. 

SUMMARY 

A simplified technic for spine fusion is described. Its chief advan- 
tages are simplicity and ease of execution. 

The procedure of unilateral spine fusion permits thorough prepa- 
ration of the vertebrae for fusion without removal of the bony support 
of the spinous processes. Union of the spinous processes is assured 
by bridging them with segments of their own substance. The time of 
operation is relativel}^ short, and the manipulation is gentle. Hence 
this operation may be emplo3'ed in patients of advanced age, and also 
in those who are debilitated and too sick to be subjected to prolonged 
anesthesia and severe operative procedures. 

Additioxal Cases. — During the six weeks preceding the writing of this report 
I used this technic in several additional cases in my service at the Hospital for 
Joint Diseases. One patient was a child of 7 years with tuberculous disease of 
the seventh dorsal vertebra. The fifth to the ninth dorsal vertebrae, inclusive, 
were operated on. Contrary to my expectations, I was able to employ the technic 
described. The only difficulty was the need for caution in splitting the spinous 
processes, which were verj^ thin. The second case was in a girl of IS j'ears with 
moderate structural scoliosis. Fourteen vertebrae were operated on. The technic 
was carried out thoroughly, and the time of operation was fifty-six minutes. The 
patient was in good condition after the operation. During the last week I operated 
on a third patient, an adult suffering from tuberculosis of the third and fourth 
lumbar vertebrae. All of the lumbar vertebrae and the first sacral segment were 
fused. The operation, without any attempt at speed, was completed in a little 
more than thirtj' minutes. 



I’LASTIC ori£KA'ri(,)XS FOR IXCOXTJNENCE 
OF URIX1£ A XI) OF FEC1£S 


niiur F. PKICK. M.D. 

TSIN’AN’, CHINA 

IiKontiiK'iicc of urine feces are coiulitioiis so distressing to 

patients and offensive to tlieir associates tliat it is not surprising that 
every conceivable method lias been employed in attempts to relieve them. 
In that group of ctises in which the incontinence is due simpli' to the 
sphincter having been cut across, accurate apiiro.ximation of the divided 
ends usually results in comiilete restoration of function. Even when 
it has been divided in two or more places, or ]iartially destroyed, opera- 
tions which restore to use such muscle as remains, completing the ring 
with fibrous tissue of some sort, are often successful. But when the 
sphincter has been severely damaged, has been removed altogether, is 
congenitally absent or has had its nerve su]ipl\' destroyed, the problem 
becomes far more difficult, and the prognosis correspondingly poorer. 
The multiplicity of ojicrations devised only serves to show how earnest 
hut A'ain has been the search for a satisfactory solution. 

In 1927, Wreden of Leningrad attacked the problem of anal incon- 
tinence in a new way. He employed the contracting force of the 
gluteal muscles left in situ, transmitting this pull to the anus by means 
of strips of fascia, which act passively, much as a tendon does. He 
thus avoided the faults inherent in closed fibrous rings, and in trans- 
planted strips of muscle, which sooner or later lose the power of con- 
traction. He reported ^ one successful case in which he placed two 
loops of fascia lata subcutaneousl}', like interlocking links of a chain, 
the interlocking portions enclosing the anal orifice, and the lateral 23or- 
tions clasi^ing a bundle of gluteal muscle fibers on either side. The 
pull of these two loo^is against each other produces the sphincter action. 
Dr. Harvey Stone - of Baltimore, using a slightly different technic, 
and prepared fascia instead of an autotransplant, has reported two 
cases, one of which was successful. Ransohoff “ has also reported a 
successful case. 

From the Department of Surgery, Shantung Christian University Medical 
School and Hospital, Tsinan, Shantung, China. 

1. Wreden, R. R. : A Method of Reconstructing a Voluntary Sphincter .A.ni, 
Arch. Surg. 18:841 (March) 1929. 

2. Stone, H. B. : Plastic Operation for Anal Incontinence, Arch. Surg. 18 : 
S45 (March) 1929. 

3. Ransohoff, J. L. : Wreden’s Method of Reconstructing Voluntary Anal 
Control, Ann. Surg. 90:317, 1929. 
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A Chinese girl, with :vn unusual coinhination of congenital abnor- 
malities, presented (he double jiroblein of incontinence of feces and 
urine, due to defective innervation, Tlie operation of Wreden .seemed 
particularly well ada]:)led to the former, and accordingly was carried out. 

Ri:rORT OK A CASK 

History. — Mao, a Cliine.'ic girl, wa.s first seen in llic outpatient department 
in 1924. Slie was tiien 10 years old. The diagnosis at that time was : transposition 
of viscera and incontinence of urine and feces since hirth. .Admission to the hospital 
was advised, but since cure could not be guaranteed, she was taken away. During 
the following years large quantities of Chinese drugs were consumed, and various 
“old-time” treatments were endured in the effort to gain relief. 

E.vaiiiiiwtioii . — On Nov. 26, 1930, she was brought again to the outpatient 
department. She was now 16 years of age, but looked not more than 13. Her 
height was 4 feet and 4 inches (132.1 cm.) and she was rather heavy-set. She 
appeared well nourished and in good health. E.vamination showed a true 
transposition of both thoracic and abdominal viscera. The breasts were small; 
the axillary and pubic hair was scanty. The clothing was wet with urine and 
soiled with feces. The skin of the perineum, buttocks and inner aspects of the 
thighs was excoriated and painful. The gluteal muscles were poorly developed. 
The anus was deeply depressed, and above and behind it, in the space normally 
occupied by the sacrum and coccy.x there was a large hollow. The labia minora 
were elongated. The urethral meatus was in the normal position. Urine dribbled 
out constantly during e.xamination. No vestige of the hymen could be seen. The 
vagina was surprisingly large and deep, but otherwise normal in appearance. In 
knee-chest posture the anal sphincter gaped widely, and then closed slowly and 
feebly. Digital examination showed a thin, weak, diaphragm-like e.xternal sphincter ; 
the internal sphincter could not be made out. The rectal wall looked and felt 
normal. 

The following day the patient was admitted to the Universit}' Hospital for 
study and treatment. 

Routine work-up brought out some additional facts. The past history revealed 
that the patient had been in excellent general health ; she had had measles in early 
childhood, had never had chronic constipation and for a year had menstruated 
regularly ever}^ four weeks without unusual discomfort. Physical examination 
showed one carious molar and pyorrhea; the heart (except for transposition) and 
lungs were normal. The tubes and left ovary were not definitelj' felt. The bladder 
(inspected through an open-air Kelly cystoscope) appeared normal, e.xcept that no 
sphincter action could be demonstrated on removal of the instrument. The legs 
were rather small, but strong. A chilblain ulcer was noted on the left foot. 
Systematic neurologic examination gave negative results except for unusuall}' active 
knee reflexes. Laboratory examination of the urine revealed cloudiness, a trace 
of albumin ; red blood cells, white blood cells and many bladder epithelial cells. 
Examination of the feces showed occult blood and many Ascaris eggs. There were 
4,102,000 red blood cells, 80 per cent hemoglobin, 7,400 white blood cells and the 
differential count was normal. The Wassermann reaction was negative. Renal 
function (phenolsulphonphthalein intravenously) was 10 per cent the first, and 
27 per cent the second, hour. Roentgenographic e.xamination was made (figs. 1 
to 7). 



rh'icr.-ixciiXTixiiM n n/- rh'ixn .ixd of filchs lo-is 


Tlic (lin.miDsis \v;\s: cdinpli'lc traii'-jKi'-ilion nf viscera; congenital absence of the 
coccyx and sacrnni ; congenital incontinence of urine and feces due to defective 
innervation: sliplit underdevelopincnl, peneial, sexual and mental; chronic low 
grade infection of the iirinary tract: ascariasi*;; oral sepsis, and a chilblain ulcer 
on the foot. 

The patient was kept under observation for four weeks. During this time her 
general condition improved markedly ; she was rid of her intestinal parasites ; the 
urine became normal ; renal function rose to per cent in two hours ; the skin of 
the perineum and buttocks improved daily with nursing care and the liberal use of 
ointments; the oral sepsis and \ilcer on the foot received attention, and there was 



1. — Roentgenogram of the chest, showing a true dextrocardia and gas in 
the stomach on the right. There are twelve thoracic vertebrae. 

gain in weight. There was no appreciable improvement in the ability to control 
the urine or feces. 

Operations and Conrsc. — Wreden’s operation was carried out on December 23 
under ether anesthesia. The gluteal muscles were misshapen and small, probably 
due to the absence of sacrum and coccyx, so it was necessary to make the lateral 
incisions somewhat farther lateral and posterior than otherwise would have been 
necessar}'. When uncovered, the muscles appeared to be composed largeb' of 
fibrous tissue. Two strips of fascia, 19 cm. long, and 1 cm. wide, were cut from 
the right thigh. The remainder of the operation followed closely the technic 
suggested by Stone. It was sheer guess-work as to how tight to draw the inter- 
ocking loops. The operation itself was surprisingly easy. The anus assumed 
1 le usual puckered appearance, and through the anal walls the fascial loops felt 
much like a normal sphincter. 



Fig. 2. — Roentgenogram showing the absence of the sacrum and coccyx. There 
are four lumbar vertebrae. Tiie sacrum is represented by one large, irregularly- 
shaped vertebra. 



Fig. 3. — Lateral view of the pelvis, showing absence of the sacrum and coccyx. 


n ^ Roentgenogram taken twenty-seven and a half hours after a barium 
mea . The barium is found in the cecum and ascending colon, which are situated 
Hear the midline, and in the transverse colon, which is shown running up to the 
P enic flexure in the right hypochondrium. A small amount of barium had been 
expe cd from the rectum when this exposure was made. 



Fig. 6 . — Roentgenogram taken after the injection of 800 cc. of barium emulsion 
into the rectum. The hepatic flexure is clearly shown. Tlie sliadow at the bottom 
is a barium-soaked cotton pad pressed against the incontinent anus. 



Fig. 7. — Roentgenogram taken after an attempt to expel the enema. 
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Because of tlic constant leakage of urine, the wounds were covered with 
evaporated compound tincture of benzoin, and the patient was kept prone for five 
days. Tlie incisions Iiealed without the least inflammation. In the light of Stone's 
first experience, my colleagues and 1 decided to take advantage of this period and 
teach the patient to use her gluteals to keep her new “sphincter” closed. We 
failed in this. 

On the eleventh day she was given liquid petrolatum and passed three controlled 
stools, greatly to her own surprise. Thereafter she had complete control of solid 
and semisolid feces. After vigorous catharsis, deliberately tried, there was some 
involuntary leakage of liquid feces. Figure 8 shows the record of defecations 
during three of the four weeks under observation. As will be seen, there was 
some tendency to constipation. Except for the incident just referred to, there was 
no leakage of feces during this period. 

Encouraged by the apparent success of this operation, we sought by some 
similar means to relieve the incontinence of urine. It soon became evident, how- 
ever, that the principle used in the first operation was not applicable to the 
urethra. Not only is the urethra so situated that interlocking loops of facia 
cannot very well be placed about it. but there are no available muscles on either 



Fig 8. — Chart showing the number of controlled stools, the number of times 
urine was lost involuntarily, and the number and amounts of voluntary voidings, 
from the third to sixth postoperative week. A few voluntary voidings were thrown 
out, or were not measured separately', and so cannot be included. It will be noted 
that the largest amounts, as a rule, were passed the first thing in the morning. 

side to which the lateral ends of the loops might be attached, except the muscles 
of the thighs, and here the movements of the legs would surely defeat the purpose 
of the operation. It occurred to us finally that voluntary constriction and relaxa- 
tion might be obtained by fixing the distal end of a loop of fascia to a movable 
part of the body, so that the pull would be exerted, not by the contraction or 
elasticity of tissues so much as by the voluntary assumption of postures. For this 
purpose it was necessary to find some nearby portion of the body that in ordinarv 
positions, such as standing and sitting, would be at a greater distance from the 
urethra, and in some extraordinary position, such as squatting or extreme flexion 
of the spine, would be nearer, and so relax the habitual tension on the fascial loop. 
After some experimenting, it was found that the rectus muscle a short distance 
above the symphysis most nearly fulfilled these conditions. The muscles were 
chosen rather than their fascia because of the inelasticity of the latter, which might 
subject the urethra to sudden, and possibly violent, pulls. It was decided, there- 
fore, to attempt to sling a strip of fascia under the urethra near the bladder, with 
the two arms passing between the bladder and symphysis upward to be attached 
to the rectus muscle on cither side. 
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Before operntion a careful cystoscopy was done. The bladder mucosa was 
found to be normal everywhere. The urethral orifices appeared normal, and urine 
could be seen coming from them in normal spurts. A sense of fulness was pro- 
duced by distending tlie bladder witli 100 cc. of fluid, and this fluid could be 
e.xpressed by the patient with a force exceeding the weiglit of 30 cc. of water. 
We concluded that in size, sensation and muscular power the bladder was poten- 
tially normal. 

Operation was performed on Jan. 16, 1931, under ether anesthesia. One 
hundred cubic centimeters of air was injected into the bladder, the rubber 
catheter being clamped and left in place. The patient was placed in 
Edebohl’s lithotomy position. A strip of fascia as long as could be obtained 
(19.5 cm.) and 2 cm. wide was taken from the the left thigh. An S cm. incision 
was then made above the symphysis pubis, the recti exposed on either side, and 
freed from their fascia medially. The peritoneum was rubbed off the anterior sur- 
face of the bladder out of harm’s way. It was relatively easy to push the bladder 
away from the symphysis and e.xposc the roof of the urethra; but when we 
attempted to pass an instrument under the urethra and up on the other side, it 
proved surprisingly difficult. None of our instruments seemed to be the right size 
or shape. First I tried, with one hand in the wound and the other under the 
sheets in the vagina, to direct the point of an aneurysm needle between the 
urethral and vaginal walls at a point about half way between the urethral 
orifice and neck of the bladder, an assistant manipulating the handle. 
Between us the instrument slipped somewhat out of place, and the bladder was 
perforated near the midline posteriorly, with escape of air and urine. The bladder 
had to be subjected to a wide dissection in order to close this hole satisfactorily. 
With this improved e.xposure, working from above, I was finally able to pass the 
aneurysm needle under the urethra, a little nearer the distal end of the canal than 
I had originally planned. A nurse with a finger in the vagina helped to prevent 
perforation of its mucosa. A piece of strong catgut was pulled through this tract, 
and in turn the strip of fascia (fig. 9). Because the fascial strip was not as long 
as we could have wished, the end of each arm was split into two fingers, and these 
were fastened around a generous portion of rectus muscle on either side, S cm. 
above the upper border of the symplwsis. It was then found that the bladder 
tended to herniate between the easil_v spread arms of the V ; otherwise the sus- 
pended fascia would prevent the anterior wall of the bladder from approaching the 
inner surface of the pubes, and thus create a dead space. Therefore, we sewed the 
muscles together behind the transplanted fascia (fig. 10). The ends of the sling 
were drawn up and fastened tight enough to prevent the rubber catheter from 
being withdrawn readily. The upper portion of the sling lay between the recti, 
and did not come in contact with the sheath, which was closed anterior to it. A 
small celluloid-tissue drain was put in the lower angle of the wound. 

The catheter was left in the bladder, but it did not drain well ; the following 
day the end of it was found in the vagina. So the patient was put in Fowler’s 
position with the knees well flexed. In this position there was free discharge of 
urine, and we were dubious about the success of the operation. There was low 
grade fever for a week. The suprapubic wound became infected, and the discharge 
showed a pure culture of B. coli. Two-hourly^ irrigations of the wound with 
saturated boric acid solution through a Carrel tube brought about rapid improve- 
ment, the bacterial count dropping from 18 to zero in a few days. 

The patient was allowed to walk on the fifteenth day, and the nursing staff 
undertook to train her to control her urine. For two or three days she was kept in 
the toilet, and urged to respond immediately to every' slight impulse to urinate. 
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As soon as she learned that it was possible for her to go a whole day without 
wetting herself, she became interested in the training and made rapid progress. 
She learned the difference between sitting with and without flexing the spine. 
Figure 8 shows the improvement in control during the first three weeks of this 
training. The largest single amount voided was 350 cc. on the day of her dis- 
charge, March 6, forty-six days after operation. More than once she was able to 
go through a whole night without voiding. But her control was not perfect at the 



Fig. 9. — Schematic drawing of the pelvis in longitudinal section, showing the 
fascial sling placed about the neck of the bladder, and between the symphysis and 
anterior wall of the bladder. 



Fig. 10. — Showing the ends of the strip of fascia attached to the rectus muscle 
on cither side, and the approximation of the muscles behind the fascial sling. 

time of her discharge. Accidents still occurred every day or two, sometimes at 
night, sometimes because she indulged in the habit of squatting on her haunches to 
rest herself, and once or twice because of emotional upsets. 

Examination on the day of discharge showed all the wounds thoroughly healed. 
The new anal “sphincter” felt much like a normal tight sphincter, but could be 
dilated widely without pain. The patient could not relax it voluntarily. The skin 
of the perineum was normal. In the anterior vaginal wall the fascial sling could 
be felt, and its position seen, about 1 cm. from the urethral meatus. On flexing 
and extending the spine, the cord of fascia could be felt to move slightlv. 
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The patient was readmitted for observation on June 4, 1931, five and a lialf 
months after lier first, and four and a Iialf months after her second, operation. She 
complained of slight leakage of urine at times, and of pain when the bladder was 
full, just before, but not during micturation. Her general condition was excellent. 
The operative scars were healthy; there was slight keloid formation. The fascial 
transplants felt and acted much the same as on her discharge three months before. 
The urine was found strongly alkaline with a few pus cells. Cystoscopic examina- 
tion showed a rather spastic bladder, mildly inflamed at the trigone, but otherwise 
normal. Renal function was 32 and IS per cent (total 50 per cent) in two hours. 
The feces were normal. Leakage of urine was found to be due to carelessness in 
posture. With some additional coaching, and change of reaction of the urine, there 
was no further leakage or discomfort, even though the fluid intake was increased 
to over 3,000 cc. a day. The largest single amount voided was 380 cc. There was 
no leakage of feces during the six days of observation. 

The patient has been followed for over a year, and her control of both urine 
and feces remains satisfactory. 

CO MM EXT 

Congenital absence of the terminal nine or ten segments of the 
spinal column is an exceedingly rare anomaly. So far we have not 
been able to find in the literature any reference to a similar condition. 
Transposition of viscera is doubtless more common among the Chinese 
than the four reported cases (Fay*) rvould indicate. The case reported 
here is the fifth. 

By definition, a sphincter is a ring of muscle closing an orifice. The 
term cannot rightly be applied, therefore, either to Wreden’s mecha- 
nism, or to the one we have described, for they are neither rings nor 
muscles. 

Both in this case and in a subsequent one. we have shared Stone s 
difficulty in teaching the patient to tighten ^■oluntaril}• the interlocking 
loops of fascia about the anus. IMoreover, as my colleague Dr. L. M. 
Ingle has pointed out, contraction of the gluteal muscles brings them 
nearer the midline and would tend to relax rather than tighten the 
fascial loops; i. e., the patient might conceivably learn to relax the 
“sphincter” to some extent, but could not possibl}’’ tighten it by any 
direct muscular action. We believe, therefore, that this ingenious and 
successful mechanism is not, strictly speaking, voluntary, but that it 
forms a permanently elastic constriction about the anus, wdrich is suffi- 
cient under ordinary conditions to prevent leakage of feces, but w-hich 
yields to the expulsive force of peristalsis during defecation, without an}' 
voluntary relaxation on the part of the patient. 

On the other hand, the mechanism which we devised for incon- 
tinence of urine in the case just described is truly voluntary. 

4. Fay, T. D. : Report of a Case of Complete Transposition of Thoracic and 
Abdominal Viscera, Chinese M. J. 46:318, 1932. 
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SUMMARY 

A Chinese girl, with transposition of thoracic and abdominal viscera 
and congenital absence of sacrum and cocc3^x, the latter an exceedingly 
rai'e condition, presented problems of complete incontinence of feces 
and urine, due probabl}' to defective innervation. 

Wreden’s operation was successful!}^ used to relieve the anal 
incontinence. 

For relief of the urinary incontinence, a method was devised which 
utilizes bodil}' posture to tighten or relax a strip of fascia slung, about 
the urethra. In this case it has resulted in voluntary control of the 
bladder. Details of the operation are given. 

The results of the two operations after a period of over a }"ear 
have been satisfactory. 



GYNECOMASTIA 


JOHN G. MKNVTLLE, M.D. 

XKW VOUK 

Gynecomastia, derived from the Greek words: gyne, woman, and 
mastos, breast, has been a recognized entity since the days of Aristotle,^ 
who reported that he had examined several such anomalies. The sur- 
gical removal for tumefaction of the breast was first advised by Paulus 
Aegineta - in 1556. He was followed by such men as Hal}'’ Abbas ^ and 
Abul-Casimir el Zabrawi.' In 1880, Olpban ^ wrote an interesting 
article on gynecomastia. Schuchardt,® in 1SS4-1SS5, reviewed the litera- 
ture for new tissue formation in the male breast and from his findings 
published three papers. Two of these dealt with pathologic conditions, 
while the third described 40 cases as examples of true g}'necomastia. 
Gruber,’’ in 1886, concluded that true g}'neconiastia was a physiologic phe- 
nomenon with all the characteristics of the female organ. Schuchardt,” 
however, included mastitis in his classification. 

Gruber," Langer,® Luschka ” and Momberger were some of the 
first to study the gross and microscopic anatomy of the breast. They 

From the Surgical Pathological Laboratory, Department of Surgery, Johns 
Hopkins Hospital and University. 

1. Aristotle: Hist. Animal (Parisiis), 1542, Calvarini, lib. Ill, chap. XX. 

2. Paulus Aegineta: Aledicinae totius enchiridion septem libris universam 
recte medendi rationem complectus. Opera Basileae, 1556, lib. VI, chap. XLVI, 
p. 225. 

3. Haly Abbas : Liber totius medicine necessaria continens, Lugduni, J. 
Myteructe, 1523. 

4. Abul-Casimir el Zahrawi: Tractatus de operantine manus arabice et latine 
cura, Oxford, J. Channing, 1778. 

5. Olphan, H. : Un mot sur la gynecomastie, ou hypertrophic mammaire 
chez I’homme, These de Paris, 1880, no. 159. 

6. Schuchardt, B. : Zur Casuistik und Statistik der Neubildungen in der 
mannlichen Brust, Arch. f. klin. Chir. 31:1, 1844; Weitere Mittheilungen zur 
Casuistik und Statistik der Neubildungen in der mannlichen Brust, ibid. 32:227, 
1885; Ueber die Vergrosserung der mannlichen Brust, ibid. 31:59, 1885. 

7. Gruber, W. : Ueber die mannliche Brustdriise und fiber die Gyniicomastie, 
Alem. Acad. imp. d. sc. de St. Petersburg 10:1, 1886. 

8. Danger, C. : Ueber den Bau und die Entwicklung der Milchdriise bei den 
Geschlechtern, Deukschriften d. Kais. akad. d. Wissenchaften math. N^aturw. 
Klasse (Wien) 1:402, 1852. 

9. Luschka, H. ; Die Anatomic der mannlichen Brustdriisen, Arch. f. anat. 
u. Physiol, u. Wissensch. 1:402, 1852. 

10. Momberger, H. : Untersuchungen fiber Sitz, Gestalt und Farbung der 
Brustwarze nebst einigen Bemerkungen fiber die Contrationsfiihigkeit des War- 
zenhofes und fiber die in demselben eingelagerten Talgdrfisen, Inaug. Dissert., 
Giessen, W. Keller, 1860. 
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maintained that although the mode of development, up to puberty, was 
essentially the same, the degree of enlargement was less in the male. 
Kdlliker,^^ from his studies, stated that the formation of glandular 
tissue in the male is more extensive than in the nullipara of the same 
age. Stieda considered gynecomastia as a hyperplasia of the normal 
tissues of the male, more marked in the connective tissue element. 

Among the modern authors, Deaver and McFarland,’-^ Hammett,^'* 
Kriss,^° von Gusnar,^“ Steinach and others have made valuable con- 
tributions to the literature on this subject. 

The two conflicting theories of the causation of gynecomastia are 
the theory of Halban and that of Herbst and Steinach.^^ Halban 
maintained that sex characteristics are unisexually determined at fertili- 
zation and that the gonads exercise only a protective influence over such 
characteristics. Herbst and Steinach believe that the anlage of the 
sex characteristics is bisexual and that the sex hormone has a specific 
as well as an antagonistic effect. 

However, the nature of gynecomastia and the factors entering into 
the production of this abnormality in the male breast are not clearly 
understood. One of the reasons for this obscurity is undoubtedly the 
variety of forms which this disease may take and the multiple conditions 
which may be associated with it. Much of the confusion has resulted 
from a failure to define clearl}' the limits of gynecomastia. The 
assumption of many authors that mere enlargement in the region of 
the male breast is synonymous with abnormal physiologic hypertrophy 

11. Kolliker, cited by Scliaumann, H. : Beitrag zur Kenntnis der Gynaco- 
mastie, Verliandl. der pliys.-med. Gesellsch. zu Wurzburg 28:1, 1894. 

12. Stieda, H. : Bcitrag zur histologischen Kenntnis der sogenannten Gj'nako- 
mastie, Beitr. z. klin. Cliir. 14:179, 1895. 

13. Deaver, J. B., and McFarland, J. : The Breast; Its Anomalies, Its Dis- 
eases and Their Treatment, Philadelphia, P. Blakiston’s Son 6k Companj^, 1917. 

14. Hammett, F. S. : Gynecomastia, Endocrinologv- 4:205, 1920. 

15. Kriss, B.; Negation of Theory that Gynecomastia is Caused by Cessation 
of Inhibitorj' Action of Testicles on Mammary Gland, Arch. f. Gynak. 141: 503, 
1930. 

16. von Gusnar, K. : Histologic Study of Male Iilammary Glands with Expla- 
nation of Certain Pathologic Changes, Arch. f. klin. Chir. 153:253, 1928. 

17. Steinach, E. : Willkiirliche Unnvandlung von Saugetiermannehen in Tiere 
mit angepriight wciblichcn Gcschlechtscharnktercn und wciblichcn Psyche, Arch, 
f. d. ges. Physiol. 144:71, 1912; Geschlechlstricb und edit sekundare Gc.schlcchls- 
nicrknialc als Folgc dcr inncrsckrctorischcn Funktion der Keimdriisen, Zcntralbl. 
f. Physiol. 24:551, 1910. 

18. Halban, J. : Die inncrc Secretion von Ovarium und Placenta und ihre 
Bcdcutung fiir die Function dcr Milchdrusc. Arch. f. Gynrik. 75:353. 1905; Arch, 
f. Gynak. 70:205. 1902; Monatschr. j. Gcburlsh. 53:190. 1904; .Arch. f. Gyn.al: 
114:289, 1920; ibid. 130:415, 1927. 

19. Herbst. C. : Formative Keize in dcr ticrlschcn Ontnccnc-c. Leipzig, .A. 
Gcorgi, 1901. 
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has also added to the problem. It is therefore necessary to point out 
that various neoplasms producing enlargement in the tissue surrounding 
the male nipple have been needlessly included in the discussion. 

In general, gynecomastia is the result of (1) general and of (2) local 
factors. Among the general factors arc; {a) A lack of se.x differen- 
tiation in the se.x: organs (bisexuality). Here the female factor pre- 
dominates. {b) A lack of the male sexual innuence where the male 
factor is lessened and other endocrine disturbances influencing by stimu- 
lation or inhibition the male or female hormone. Among the local 
factors are all local causes ])roducing tumefaetion of the male breast 
(trauma, mastitis, etc.). 

GENERAL FACTORS 

In support of the first classification, or the lack of se.x differentiation 
in the sex organs, there is the work of Brambell.-® who discovered 
ovarian tissue on the surface of the testes of pigs. There is also evi- 
dence that gynecomastia has been noted in hermaphrodism and pseudo- 
hermaphrodism. These facts arc well illustrated by the case of von 
Humboldt, quoted by Haeckel.-^ of a solitary settler in a South American 
forest whose wife died at childbirth. In despair the man laid the child 
over his own breast, and the continued stimulus of suckling movements 
revived the activit}^ of the mammaiy glands. Cases of castrated male 
sheep and goats suckling their offspring have been reported. Humboldt 
and Franklin -- Schmetzer,-® and others have cited examples of gyneco- 
masts who have nursed infants. It may be interesting to note that 
infants have thrived on “witch’s milk,” although Schmetzer empha- 
sized that its composition is not that of pure milk. Chinagawayo, a Zulu 
chief, and a g 3 aiecomast at 55 years, had forty wives and over a hundred 
children, some of which he nursed himself."* 

There are cases, however, which demonstrate that a gynecomast can 
have a normal libido. Petrequin reported a case in which the patient 

20. Brambell, F. W. R. : The Histology of an Hermaphrodite Pig, and Its 
Developmental Significance, J. Anat. 63:397, 1929. 

21. Haeckel, Ernst: The Evolution of Man, London, K. Paul, Trench & Co., 
1883, p. 113. 

22. Humboldt and Franklin, cited in Gould, G. M., and Pyle, W. L. : Ano- 
malies and Curiosities of Medicine, Philadelphia, W. B. Saunders Companj^ 
1897, p. 397. 

23. Schmetzer: Milchabsonderung in mannliche Briisten, Schmidt’s Jahrb. 
15:204, 1837. 

24. Shufeldt, R. W. : Gynecomasty, with the Description of a Remarkable 
Case, Md. Council, Philadelphia 15:244, 1910. 

25. Petrequin, H. : Existence de trois mamelles chez un homme qui devient 
pere de cinq enfants trimammes, Gaz. niM. de Paris 5:197, 1837. 
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(a man) married and proved his potency. Coe,-“ Paulicky and others 
reported cases of gynecomastia in which there was no evident abnor- 
mality of the genitalia and apparently no disturbance or defect in the 
sex organs. Pseudohermaphrodism, when the sex organs were imper- 
fectly formed and the individual 'developed secondary female charac- 
teristics, was reported by Polaillon,-® Dennis and others.®’- Beau 
and Luke ®® likewise cited cases in which gynecomastia was associated 
with imperfect development of the sex organs. 

From the foregoing data the evidence indicates that the ovary and 
testicle coexist in the embryo, and that in certain cases, because of some 
developmental injury or anomaly, the testicle is not able to exert its 
normal inhibitory influence. When this action is withdrawn and the 
female hormone is inserted, as Steinach ” demonstrated when he trans- 
planted ovaries in castrated males, there is a tendency toward the for- 
mation of female characteristics. Likewise, Halban,’® Kehrer,®'’ Hegar,®® 
and others have shown that in females, if the ovaries are removed, the 
mammae fail to develop, but if again implanted the mammae will resume 
their normal function. Foges ®® showed that the removal of ovaries, 
after puberty, leads to a termination of the menstrual cycle and an 
atrophy of the breasts. 

In the second group of gynecomasts, the male sexual influences are 
lacking. These are the cases of gynecomastia associated with removal of 
the prostate or testicle or associated with testicular injury. Gynecomastia 

26. Coe.; Aim. de gynec. 31:456, 1889. 

27. Paulicky ; Deutsche mil.-iirztl. Ztschr., 1882, p. 222. 

28. Foot: Remarks on Gynecomazia, Dublin Q. J. M. Sc. 41:451, 1866; 
Gynecomastia in a Young Boy, M. Times fk Gaz. 1:11, 1860. Kostcr: Fall von 
Gynaekomastia unilateralis, Miinchen. mcd. Wclinschr. 52:725, 1905. Alorgan: 
Lancet 2:767, 1875. Scheiber, S. H. : Hy'pertropbirtc Brustdriisen bei einen 45 
jiihrigen Alanne, Aled. Jahrb., 1875, p. 261. 

29. Polaillon; Sur un cas d’hermaphrodismc, Bull. Acad, de med., Paris 25: 
557, 1891. 

50. Dennis, F. S.; System of Surgery, Philadelphia, Lea Brothers & Co., 
1896, vol. 4, p. 942. 

31. Chambers: Tr. Obst. Soc., London 21:256, 1879. Kochenburger : Die 
Alissbildung der weiblichen Genitalien; Casuistischcr Bcitrag, Ztschr. f. 
Geburtsch. u. Gynak. 2G:73, 1893. 

32. Beau: Gaz. d. hop., 1849, p, 563. 

33. Luke: M. Times & Gaz. 1:11 (Jan. 7) 1860. 

34. Kchrer, F. Ueber gewisse synchronc nerven erscheinung und cycklische 
Vorg.Hnge in den Genitalien und anderen Organen, Bcitr. z. Gcbiirtsh. u. Gynak 
4:228. 1901. 

35. Hegar, A.: Korrclationcn der Keimdrusen und Ge.'chlcchtstimmung, Bcitr. 
z. Geburtsh. u. Gynak. 7:201, 1905. 

36. Foges, A. : Zur physiologischen Bezichung zwischen Mamma und Genitalien. 
Zcntralbl. f. Physiol. 19:233, 1905. 
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following proslatectoni}' was reported Oppenheimer and others."® 
Zelenefi’ reported a right-sided orchidectoiny with hypertrophy of the 
left breast in a youth 18 years of age. Tellginann cited a case in 
which the loss of the testes preceded the development of gynecomastia. 
Gynecomastia resulting from the disorders of secretion of the testicles 
has been reported b}’' Bitny-Schliachto.” Bailey called attention to the 
x-elationship between tumefaction of the mammary glands and mumps. 
Hassler and others have also reported such cases. Gynecomastia 
following trauma to the testicle has been recorded by Monaschkin.''" 
He found that sections of the breast showed hypertrophy of the ducts, 
while those of the tumor showed cmbr 3 'onal cells. Gorham and 
others also reported cases in which atrophy of the testicle and gyne- 
comastia followed trauma. 

Simple atrophy of the testicle with gynecomastia has been pointed 
out by Gorringe and others.'*’* 

37. Oppenheimer, R. : G 3 'nakoniastic nach der Prostatektomie, Deutsche nied. 
Wchnschr. 53:883 (May 20) 1927. 

38. Kondoleon, E. : Vergrosserung- der Brustdriise nach Prostatektomie. 
Zentralbl. f. Chir. 47:1098, 1920. Mann, L. T. : Atrophies tcsticulaires et 
hj'pertrophies nianiniaires, Gaz. hebd. de ined. 14:533, 1877. Petit do la Vileon: 
Cancer du sein chez I’liomnie, Bull, et mem. Soc. de cbir. de Paris 20:744 
(Nov. 2) 1928. 

39. Zeleneff, I. F. : De.xtrolateral Castration in a Youtli 18 Years Old: 
Hypertrophy of Left Breast, Russk. J. Kozlin. i. Yen. Boliezn., Moscow 23:230, 
1912. 

40. Teligmann : Unilateral Gj'iiecomastia After Loss of Testis, Deutsclie nied. 
Wchnschr. 52:2127 (Dec. 10) 1926. 

41. Bitny-Schliachto, F. A. : Zur Frage Gjmakomastie, Virchows Arch. f. 
path. Anat. 269:45, 1928. 

42. Bailey, H. : Studies in the Male Breast, Lancet 1:1258, 1924. 

43. Hassler : Gynecomastie ; Masfite chronique et adenite a.xillaire polj'gan- 
glionnaire. Arch, de nied. et pharm. mil., Paris 23:531, 1894. 

44. Laubscher, B. J. F. : Abnormal Mammarj' Development in the Male, 
J. M. A. South Africa 3:147 (Jan. 12) 1929. Lereboullet: Gaz. hebd. de med. 
14:533, 1877. 

45. Monaschkin, G. B. : G.vnecomastia and Tumors of the Testis, Ztschr. f. 
Urol. 20:8, 1926. 

46. Gorham and Hare : Extraordinarj’' Development of the Mammae in the 
Male, Lancet 2:637, 1840; London M. Gaz. 2:659, 1840. 

47. Lacassagne : Gaz. hebd. de med., 1877. Thomson, H. : Preternatural 
Enlargement of the Breasts in Man, Lancet 1:356, 1837. 

48. Gorringe, W. J. : Case of Injury to the Back with Subsequent Enlarge- 
ment of the Alammae and Wasting of the Testes, Prov. M. J., London 10:204, 
1846. 

49. Boerhaave: Tijdschr. van geiieesk, 1838. Galliet: Gaz. med. de Paris, 
1850, p. 351; Sur deux cas de coincidance du developpement anormal de la 
mammelle chez I’homme, avec une tumeur de I’epididj'me, Compt. rend. Soc. de 
hiol. 2:36, 1850. Hutchinson, J.: Arch. Surg. 6:155, 1895, plate 118; Gynacco- 
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Orchitis and varicocele producing testicular atrophy and associated 
with gynecomastia were reported by- Schmit and Martel/’’^ iespecti\el3'. 
The association of varicocele with gynecomastia was found in one case 
of the present series (P. N. 38637). Galliet “= reported a case of gyne- 
comastia following a tumor of the epididjnnis. In these cases the 
theory of Moszkowicz,=" that testicular secretion inhibits the growth 
of the male breasts, is supported. An interesting case of a 19 year 
old boy suffering from g 3 mecomastia for four years was reported by 
Schereschewsky.'* He tells that a year previous to e.xamination this 
patient was operated on for varicocele at which time a testicular graft, 
from a 40 3 'ear old man, was tried with no effect. The relationship 
between gynecomastia and chorio-epithelioma of the testis has been 
stressed and illustrated by case reports by Kriss and others.'^= Gyneco- 
mastia developing in cases of teratoma of the testis was reported by 
Bailey ■*- and Cairns.““ Gynecomastia following sarcoma of the testicle 
was noted in one case of the present series (P. N. 37777). Erdheim,"' 
after examining microscopically the breasts and testicles at autopsy, 
concluded that the etiology of gynecomastia is closely connected with the 
causation of sex characteristics and that it could not be attributed to one 
single factor. 


mazia and Other Aberrations in the Development of Sex, ibid. 3:327, 1891-1892. 
Laurent, E. ; Les bisexues: Gynecomasties et hermaphrodites, Paris, G. Carre, 
1894; De L’heredite des gynecomastes, Ann. d’hyg. 24:43, 1890. Lemberf. These 
de Paris, 1878; Gaz. hebd. med.. Sept. 14, 1877. Paulicky: Deutsche mil.-arztl. 
Ztschr., 1882, p. 222. Weber, C. : Norniiod ridge, Entwickelung beider Brust- 
driisen bci Manne, Ztschr. d. deutscli. Chir. Vcr. 5:336, 1852. 

50. Schmit, C.: Cong, frang. de Chir., Paris 6:284, 1892; Deux cas de 
gynecomastie developpes sans cause appreciable, Rec. de mem. de med. mil. Paris 
38:690, 1881. 
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du meme cote. Arch, de med. nav., Paris 60:152, 1893. 


52. Galliet; Sur deux cas de coincidance du developpenient anormal de la 
mamelle chez I’homme, avec une tumeur de I’epididyme, Compt. rend. Soc de 
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mastic. Rev. Iran?, d’endocrinol. 6:57, 1928. “ 
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A thorough study on the relationship of the testicles to gynecomastia 
was made by Kriss/“ who castrated -twenty male guinea-pigs and after- 
ward examined their breasts microscopically. In all of his cases he 
found no change in the glandular tissue. Further evidence that the 
testicles alone have little influence on gynecomastia was obtained by Stein 
and Herrmann,’’® who injected corpus luteum in castrated and non- 
castrated rabbits and found that both developed enlargement of the 
mammary glands. This work, however, only proves that the testicles, 
in themselves, are not the lone influence that prevents an enlargement 
of the mammary tissue. The testicles are closely connected to the intri- 
cate s)'stem of endocrine glands, and although they probably play the 
greatest part in sexual development, the}’^ function as a correlated part 
of the endocrine system. 

The effects of other endocrine disturbances are shown by the asso- 
ciation of gynecomastia with pituitary, suprarenal, cortical and thyroid 
disturbances. 

The hypophyseal origin of Frohlich’s syndrome was definitely estab- 
lished by Cushing and Ashner,®® who demonstrated that obesity and 
genital hyperplasia developed in hypophysectomized animals. They also 
stated that the adiposity was caused by a deficiency of the posterior lobe. 
Cushing explained that hyperplasia of the anterior lobe stimulates 
tissue growth, especially in the skeletal, cuticular and subcuticular tis- 
sues ; conversely, when there is an insufficiency of the anterior lobe 
skeletal growth and sexual development are inhibited. Hyperplasia of 
the posterior lobe is associated with metabolism, for when this lobe is 
rendered inactive by disease or compression, metabolism is checked and 
an acquired high tolerance for carbohydrates permits the storage of fat. 

Evidence of hypopituitarism, in a boy of 14 years, associated with 
mammary enlargement and small genitalia, was recorded by Gibson.®^ 
Among the evidence of hyperfunction of the anterior lobe, associated 
with mammary hypertrophy, is the report, by Roth,®- of acromegalia in 
a man whose mammae secreted true milk. Hanel ®® described a case of a 

58. Herrmann, E., and Stein, M. : Ueber kiinstliche Entwicklungschemmung 
mannlicher sekundarer Geschlechtsmerkmale, Arch. f. Entwicklungsmechn. 48:447, 
1921. 

59. Cushing, H. : Surgical Experiences with Pituitary Disorders, Weir 
Mitchell Lecture, J. A. M. A. 63:1515, 1914. 

60. Ashner, B. : Demonstrierte hypophysektomierte Hunde, Wien. klin. 
Wchnschr. 22:1730, 1909. 

61. Gibson, H. J. C. : Case of Exaggerated Gynecomastia, Edinburgh M. J. 
30:668, 1923. 

62. Roth, O. : Auftreten von Milchsekretion bei einem an Akromegalie 
leidenden Patienten, Berk klin. Wchnschr. 55:305, 1918. 

63. Hanel, H. : ^lama lactans persistens masculina, Klin. Wchnschr. 5:386, 
1918. 
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43 year old man having possessed lactating breasts at 21 years, who latei 
became the father of two nornial children. Subsequent to his <^|cath. 
autopsy revealed a malignant disease of his hypophysis. Mochling"' 
performed an operation on a 52 year old man who had developed gyuc- 
comastia in association with a pituitary adenoma. Mammaiy hj’pei- 
trophy associated with attacks of chorea minor was noted by Wchci .® 
Siegmund and Mahnert demonstrated the effect of the anterior lobe 
hormone on the development of the sex glands in infants and fetuses. 
Intraperitoneal injections of an extract from the anterior lobe of the 
hypophysis, which were given by Putnam, Teel and Benedict,"' pro- 
duced an increase in the size of the nipples of a bulldog. This was also 
demonstrated by Frank and Unger (Schcrschewsky DavidolY 
called attention to a case of acromegalia in which lactation and menor- 
rhagia had persisted for five years. A report from the woman’s surgeon, 
who had performed a laparotomy two years previously, said that both 
ovaries were in a state of semi-atrophy with no signs of ovulation. 

The concurrence of cirrhosis of the liver and gynecomastia, or 
tumors of the male breast, has been reported by d’Antona"® and others.'" 
This may be explained on the basis of a mild form of Wilson’s disease 
(tetanoid chorea) in which there is a degeneration of the lenticular 
nucleus associated with hepatic cirrhosis. It is interesting to note that 
in d’Antona’s case there was testicular atrophy. 

There are cases in which the disturbance of the suprarenal cortex 
are associated with gynecomastia. Mathias,''^ at postmortem exami- 
nation, described a carcinoma of the suprarenal cortex associated with 
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84» 157j 1928, 

68. Davidoff, L. M. : Studies in Acromegaly, Endocrinology 10:477, 1926.' 

69 d’Antona, L. : Hepatic Cirrhosis, Tumefaction of Male MammJry Glands 
and Testicular Atrophy, Policlinico (sez. prat.) 38:261 (Feb. 23) 1931 
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mammary enlargement. \\'el3er recorded a similar case at a later date. 
A case of pseudohermaphrodism with suprarenal hyperplasia has been 
described by Brutschy.'^ EA’idencc that the injection of mammary 
extract producing a hypertrophy of the suprarenal gland and arrest 
in development of the testicle has been established by Spirito,’’ who, in 
addition, sanctions this extract in the treatment of Addison’s disease. 

A hyperthyroidosis accompanied by enlargement of tbe mamma was 
noted by Freeman. At a later date, Alexander called attention to a 
case of myxedema following mammary hypertrophy in childhood. In 
the present series, case P. N. 37676 was associated with hyperthyroidism, 
and P. N. 39356, with myxedema. 

These cases clearly indicate the close relationship of the endocrine 
system to gynecomastia. A logical deduction indicates that the endo- 
crine glands influence the male and female hormone activity b}' stimu- 
lation or retardation. 

LOCAL FACTORS 

Gynecomastia may be unilateral or bilateral, 87.2 per cent being 
unilateral and 12.8 per cent being bilateral. The hypertrophy which 
occurs may be caused by general or local factors or both. The local 
factors include some forms of chronic irritation which seem to create 
ideal conditions for the activation of cell growth. Although trauma has 
been associated with gynecomastia by Deaver and McFarland,^® Leon 
and others,’® it occurs in only 14.5 per cent of the cases. It is ques- 
tionable whether trauma plays any particular role in this phase of 
activity, although it is probably more closel)’^ associated with unilateral 
growth. The presence of some form of chronic irritation is suggested 
b}" the eosinophils and plasma cells in the peritubular, round cell infiltra-' 

72. Weber, F. P. : Cutaneous Striae, Purpura, High Blood Pressure, Amenor- 
rhoea and Obesity of the Type Sometimes Connected with Cortical Tumors of the 
Adrenal Glands, Occurring in the Absence of Any Such Tumour, Brit. J. Dermat. 
38:1, 1926. 

73. Brutschy, P. : Hochgradige Lipoidhyperplasie beider Nebennieren mit herd- 
formiger Kalkablagerung bei einen Fall von Hypospadiasis penis-scrotalis 'und 
doppelseitigem Kryptorchismus mit unechter akzessorischer Nebenniere am 
rechten Hoden, Frankfurt. Ztschr. f. Path. 24:203, 1920. 

74. Spirito, F. : Correlazioni fuzionali surrenomammare. Proposta di un nuovo 
metodo di cura del morbo di addison, Rassegna di din., terap. e sc. aff. 22:265, 
1923. 

75. Freeman, J. K. ; Hyperthyroidosis Associated with Gynecomastia, Therap. 
Gaz. 40:9, 1916. 

76. Alexander, W. : Myxedema Following Mammary Hypertrophy in Child- 
hood, Brit. M. J. 1:349 (Feb. 23) 1929. 

77. Leon: Arch, de med. nav. Paris 31:213, 1879. 

78. Nelaton, A.: Gaz. d. hop. 29:126, 1856. Peters, D. C. : Hypertrophy of 
the Mammary Gland in a Soldier, Am. M. Times, N. Y. 6:196, 1863. 
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tion, which is seen in i:)ractically every form of gynecomastia. ^ rendci- 
ness in 50 per cent of the cases also suggests a source of irritation. 
The round cell infiltration seen in gynecomastia has been explained by 
Dietrich and Consten®® as a resorptive process which may be simi- 
larly seen after physiologic hj^pertrophics and in the icgrcssive phases 
of the female breast. However, the infiltration is often seen in hyper- 
trophies of short duration before any evidence of lesoiption is noted. 
The presence of eosinophils and plasma cells is sometimes so mark'cd 
that microscopically the hyperplasia simulates mastitis. In some cases 



Fig. 1 (path. no. 41316).— Microscopic structure of tissues from a white youth 
17 years of age, who, for ten days, complained of a slightly painful tumor of his 
breast. The mass was excised and the patient is well two years later. The section 
shows epithelial hyperplasia surrounded by young fibroblasts interspersed with 
polymorphonuclear leukocytes, lymphoid and plasma cells. The section illustrates 
the association of hypertrophy with mastitis. 


there is definitely an association with mastitis (fig. 1 ) . Cioffi reo-arded 
tumefaction at the age of puberty in males as a temporary mastitis 

Enkw;f92tvol.S ^ Chir. Stuttgart, Ferdinand 

i. Chir.^5S54;^921^''^“'' Fibromatosis of Mamma in Man, Deutsche Ztschr. 
81. Cioffi, A.; Tumori mammari maschile, Ann. ital. di chir. 9 : 1147 , 1930. 
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and that occurring' in middle-aged and elder]}' persons as a chronic 
hypertrophy. 

Heredity has been named as a factor in gynecomastia, hut the occur- 
rence is so infrequent that it may be classed as incidental. Hutchinson 
and others have reported such instances. Plereditar}' influences, how- 
ever, bring to mind the possibility of inberent atavistic reversion which 
should not be overlooked in the final analysis of gynecomastia. 


PICK.SONAL STUDY 


Statistics on tumors of the male and female breast recorded in the 
Surgical Pathological Laboratoiy of the Johns Hopkins Hospital and 
University reveal that tumors of the male breast occur in 3.6 per cent 
of the total. 

The present stud}' was made from 130 cases of tumors of the male 
breast collected in the laboratory, the first case being recorded in 1890. 
Of the 130 cases, 99, or 76.1 per cent, were benign and 31, or 23.9 per 
cent, were malignant. Of the 99 benign cases, 88 were hypertrophies. 

The results of further statistical study of the hypertrophies is shown 
in the following tabulation ; 


Race (white), 88% 

Age (average), .31-50 year.s 
Youngest case, V /2 months 
Oldest case, 74 years 
Duration (average), 14.7 niontlis 
Duration (extremes), 11 days; 12 years 
Location : left, 47,2% ; right, 40% 


Location (bilateral), 12.8% 
Trauma, 14% 

Pain, 30% 

Tenderness, 50% 

Tumor (discrete), 76% 
Tumor (diffuse), 31.5% 
Result (benign), 100% 


A study of the microscopic sections and a correlation of them with 
the histories, operations and postoperative observations, favor the 
inclusion of the so-called fibro-adenomas in the classification of gyne- 
comastia. The following case explains and prompted this decision : 


A healthy, beardless boy 17 years of age, noted a symptomless, bilateral, sym- 
metrical enlargement of his breasts. For two years he was ridiculed for having 
feminine breasts, and on one occasion tins deformity prevented his admission 
into the marine corps. The remainder of the history and physical c.xamination 
were essentially unimportant. For cosmetic effect, a bilateral amputation of the 
breasts was performed. The gross specimens (figs. 2A and B) showed a diffuse 
fibrous hypertropiiy. Between the white fibrous strands there were pink semi- 
translucent and yellow areas. The microscopic picture was typical of so-called 
fibro-adenoma. There were areas of duct dilatation, which in some places showed 
early papilloma formation (fig. .3). The close relationship of such fibro-adenomas 
witli the various other phases of hyperplasia found in gynecomastia is brought 
out in the microscopic description of these lesions subsequently presented. 


82. Hutchinson, J. : Gynecomazia, Arch. Surg, 3:327, 1891. 

S3. Savitscliky; Case of Gj'nccomastia, St. Louis M. & S. J. 66:118, 1894. 
Schaumann, H. : Beitrag zur Kenntnis dcr Gymikomastic, Verhandl. d. phys.-med. 
Gcsellsch. zu Wiirsburg 28:1, 1894-1895. 
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inSTOJ.OGY 

The hypertrophy characterizing gynecomastia is infinitely connected 
with the normal growth of the male breast observed in infancy and at 
pubert}'. 



Fig. 2 (path. no. 37042). — A, the breasts of a white youth, 17 years of age, 
which were removed for cosmetic effect because of bilateral symmetrical enlarge- 
ment. The gross specimens are surrounded by pads of fat with no evidence of 
glandular tissue (5). B, cross-section of the breasts showing diffuse, bilateral 
fibrous hypertrophy which includes pink areas between its strands and a few 
yellow opacities. 


The normal male gland has a tendenc}'^ to Itypertrophy in the first 
year of life, but after this period development progresses slowty until 
puberty is reached. At puberty development is at its height. The 
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parenchyma begins its development as long tubelike processes, descending 
from the overlying epidermis (fig. 8). The ends of these processes 
become distended but have no tendency to form lobules. The sur- 
rounding stroma is composed of moderately dense fibrous tissue. At the 
end of the first year of life, and especially at puberty, the parenchyma 
has a tendenc}'- to become bypertrophied and hyperplastic. This hyper- 



Fig. 3 (path. no. 37042). — Microscopic section of breast tissue in figure 2, 
demonstrating an epithelial hyperplasia with beginning papillary formation and 
desquamation into the duct lumen. The periductal fibrous stroma is dense, col- 
lagenous and adult in structure. 

plasia is accompanied by the development of two or more rows of nuclei 
which may be either oval or cylindric in shape. The surrounding stroma 
forms a variable amount of young and loose periductal connective tissue 
which contains numerous blood vessels. This hypertrophy is not marked 
in the majority of cases, and as a rule there is no clinical evidence of 
its presence. 



MEK f 'ILUi-CYNIiCOMASTIA 


1071 


In gvnccomaslia the extent of the cell proliferation is dependent on 
the intensitv and the duration of the stimulating influence. When 
gynecomastia is present, the parenchyma and stroma show evidence of 
hyperplasia wliich seems to he more pronounced in cases of sliort 
duration. 

There is an increase in the epithelial lining of the ducts. 1 he ducts 
are lined with cells containing a central, small, clear nucleus. As the 
lumen is approached from the j^eriphery. the cells vary from a cuboidal 
to a cylindric form, the cylindric form predominating when prolifera- 
tion is most marked. The lumen is often filled with the eosin-staining 



4 (path. no. 40630). — ^Microscopic structure of breast tissues irom a 
white man, 62 years of age, who, for two and one half months, complained of 
stitch-like pains in his breast. This was associated with a small nodule which 
produced a retraction of his right nipple. The breast was excised, and the 
patient is living and welt three years later. The microscopic section shows 
epithelial hyperplasia surrounded by the typical, young, loose, periductal, fibrous 
stroma seen in early cases of gynecomastia. 

material of desquamated cells. The periductal stroma is marked by a 
proliferation of loose connective tissue containing many young fibro- 
blasts and blood vessels (fig. 4). The active growth which is present 
in this periductal stroma is sometimes indicated by the presence of 
mitosis (fig. 5). Immediately surrounding the duct there is a lympho- 
cytic infiltration which is accompanied by plasma cells and a few 
eosinophils. 
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If the liyperplasia is present for six or more months the proliferation 
of the parenchyma is not as marked, but the lumen of the duct contains 
a greater number of desquamated cells. The lining cells vary from an 
oval to a cuboidal shape (fig. 6). The stroma also changes its appear- 
ance, being characterized by a marked condensation of the periductal 
connective tissue and a decrease in the number of blood vessels. 



Fig. 5 (path. no. 38464). — Microscopic structure of breast tissue from a white 
man, 33 years of age, who, for ten weeks, complained of pain and a gradually 
increasing swelling of his right breast. The tumor was excised, and the patient 
is living four 3 'ears later. The microscopic section shows epithelial hyperplasia 
embedded in a young, fibrous periductal stroma whose rapid growth is indicated 
bj' a mitotic figure located immediately above the epithelial lining of the duct. 

The hyperplasia of the duct in some cases may take the form of 
papillomatous proliferation and in later stages ma}"^ develop into intra- 
cystic papillomas (fig. 7 ). A dilatation of the ducts is frequently seen, 
but since such dilatations occur in the normal male breast (fig. 8) it is 
of no great significance. 
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If a hy])crplasia lias been present for more tlian a year, tlic young 
periductal connective tissue becomes adult in structure and accpiires 
varying amounts of collagen. A case illustrating such a change is given : 

A colored in.nn, 3.1 ycnr.s of ane. k-ivo a lii.slory of liavinp noted a sinnll, 
tender nodule in his left breast tliree years urevionsly. After being (|iiiescent 
for appro.ximately two and a lialf years, the nodule suddenly became painful and 
increased in size, two weeks iircvious to examination. 



Fig- 6 (path. no. 36144), — Microscopic structure of breast tissue from a 
colored man, 27 years of age, who, for nine months, complained of a gradual 
enlargement of his breast associated with sharp, radiating pains. The mass was 
excised, and the patient is living seven years later. The microscopic section 
shows an epithelial hyperplasia, with the cells varying from oval to cuboidal in 
siape. Many of these cells have desquamated into the duct lumen. The peri- 
uctal stroma is composed of adult fibrous tissue. 

roT'i' examination gave essentially unimportant results except for a flat, firm, 
s ig It y tender, freely movable, lobulated tumor, underlying the nipple and located 
u le upper and outer quadrant of the left breast. After a diagnosis of a bemVn 
lesion, a biopsy was decided on. 


Fig. 7 (path. no. 23500). — Microscopic structure of breast tissue from a col- 
ored man, 33 years of age, who complained of a slowly growing nodular mass in 
his left breast which was painful at times. The duration was three years. The 
mass was excised, and the patient had an uneventful recovery. The microscopic 
section shows a t 3 'pical intracj'stic papilloma in a case of gynecomastia. Since 
different stages of papilloma formation have been noted in gj-necomastia (fig. 3), 
papilloma may be considered one of the later stages of that condition. 



Fig. 8 (path. no. 12265). — Microscopic structure of breast tissue from the 
nipple of the normal breast of a white man, 35 j'ears of age, showing a dilatation 
of the mammarj' duct. 
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The iiiafs was excised ami a frozen section proved it to lie a Oenign lesion. 

Microscopic cxainination sliowed hyperplasia of the duct cpitlieliiini with a 
slight desipianiation into the hinien (fig. ‘M. The periductal stroma was composed 
of dense, adult fihrous tissue with no evidence of recent hyperplasia. J here was 
no marked iieridnctal infdtration of w.andering cells. 

The patient made an uneventful recovery, hut the idtimale result is not known 
for all trace of the patient is lost thirteen year.s later. 

The coiiipari.son of the fort^ijoiiit^ case with the iiiicrosco])ic section 
(fig. 10) of a 21 year old woman who .suffered from a slightly painful 



Fig. 9 (path. no. 23500). — Microscopic structure of breast tissue from a col- 
ored man, 33 years of age (fig. 8). The microscopic section shows epithelial 
hyperplasia with desquamation into the duct lumens. The periductal fibrous tissue 
is dense, collagenous and indicates hypertrophy of long duration. 

nodule in her breast for one year shows the close relationship existing 
between an apparent hypertrophy of a male breast and fibro-adenoma 
of a female breast. 

These studies seem to indicate that hyperplasia grades directly into 
fibro-adenoma with no definite line of demarcation. Because of this 
imperceptible gradation, it is impossible to classify borderline cases 
efinitely, and hence the fibro-adenomatous hypertrophy is classed as a 
turther extension of h 3 'perplasia. 
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SWEAT GLANDS 

The intimate relationship of the mammar)'^ glands to sweat glands 
has been proved by Scheifferdecker.®< The microscopic resemblance 
of the mammary ducts to the tubules of the sweat glands is so close in 
some cases that it is difficult to distinguish between them. For practical 
purposes, the chief differentiating point is the presence or absence of 
desquamation. 

The breast, being a holocrine gland, contains desquamating cells in 
the lumen of its ducts, while the sweat gland, being a merocrene gland. 



Fig. 10 (path. no. 2250). — Microscopic structure of the breast tissue from a 
white woman, 21 years of age, who, for one year, complained of a small painful 
nodule in her breast. The mass was excised, and the patient is well five years 
later. The microscopic section reveals an epithelial hyperplasia with desquama- 
tion into the duct lumen, embedded in a dense adult fibrous stroma. Compare 
this fibro-adenoma with the hypertrophy shoAvn in figure 9. 

secretes a clear eosin staining material (fig. 11). The secretion of the 
large sweat glands, which are located in the breast, are believed by 
Loeschcke and Scheifferdecker to carry volatile substances which 
stimulate sex lure. Von Gusnar/® in studying the histology of the male 

84. Scheifferdecker : Zoologica, 1922, no. 72. 

85. Loeschcke, H. : Ueber zyklische Yorgange in den Driisen des Achsel- 
hdhlenorgans und ihre Abhangigkeit vom Sexualzyklus des Weibes, Virchows 
Arch. f. path. .Anat. 255:283, 1925. 
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breast, tleinonslrated the dilTcrciU forms of sweat glands resembling 
the inanimae. He also ])ointed ont adenomas of the sweat gland and 
cystic dilatations occurring in tbe normal breast wbicb are frequently 
mistaken for mammary ])arencbyma. 


GKoss imscKirTiox 

Since gynecomastia comirriscs sucb a large field, tbe gross pathology 
does not present a typical jiicture, S]iccimens collected show cncapsu- 



Fig. 11 (path. no. 44224). — Microscopic structure of sweat glands from a 
white man, 23 years of age (fig. 12), with gynecomastia. These merocrene 
glands are frequently mistaken for parenchyma of the breast. They are charac- 
terized by a clear, nondesquamated, eosin-staining secretion in their lumens. They 
are divided into two types, namely, the apokrine (large) and the ekkrine (small) 

sweat glands. The ekkrine glands are distinguished by their darker staining 
qualities. 


sted, localized or discrete, and diffuse growths. However, in general, 
le pi evading tissue is fibrous with scattered islands of semitranslucent 
parenchyma. All the hypertrophies are apparently a variation of this 
undamental picture with the supportive element predominating. 
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The gross specimen (fig. 12 A and B) nstially consists of a uniform, 
circumscribed mass varying from 2 cm. to 4 inches in diameter. It is 
usually white, bluish-white or gray and is surrounded by fat, and some- 
times by a thin fibrous capsule. It may be attached to the skin, but 



Fig. 12 (path. no. 44224). — Specimen from a wliite man, 23 years of age, with 
a history of tcnclerncss and a small nodule posterior to the left nipple. Four 
years after the onset, tlie mass was c.xcised. The microscopic section confirmed 
the diagnosis of gynecomastia. Tlie patient is living and well one year later. 
The gross specimen reveals a circumscribed mass posterior and inferior to the 
nipple which, on section, shows dense fibrous striations infiltrated with bluish- 
white tissue and dotted with occasional yellow opacities. 

never to the underlying muscles. Tiie consistency may be hard, firm, 
rubbery or soft. 





.1 / nx I'ILL n—G ) ’XnCOMASTIA 


1079 


The mass is easily sectioned, and on detailed examination it usually 
reveals a homoi^eneous, white, hluish-wliite or gray surface which may 
be dotted with jnnk or grayish, translucent .areas projecting between 
the strands of fibrous tissue. Yellow opacities may also he found on the 
cut surfaces. 

The acute and diffuse hypertrophies usually have a white or bluish- 
white translucent appearance, while the chronic and localized forms 
usually jiresent a white, gr.ay, opaejue surface. 

UIAGXOSIS 

All swellings of the male breast arc not produced bj^ hyperplasias. 
This fact is evident from an examination of the present scries of benign 
tumors of the male breast which includes dermoid cyst, lipoma, lymph- 
angioma and the .specific infections of tuberculosis and syphilis, together 
with nonspecific infections. 

From the statistics already given (sec tabulation), gynecomastia is 
more prevalent in the white race; it occurs more frequently in persons 
between 31 and 40 years of age (fig. 13) ; it has an average duration of 
14.7 months; it occurs equally on the right and left sides; it is bilateral 
m 12.8 per cent of the cases ; it may recur ; it is not usually associated 
with trauma or pain (fig. 14) ; it is associated with tenderness in 50 per 
cent of the cases; the tumor is usually single, and is multiple in only 
6.2 per cent of the cases. The consistenc}' varies from soft and mod- 
erately firm to rubbery and hard. 

The recognition of diffuse hyperti'ophies, both unilateral (fig. 15) 
and bilateral, is comparatively easy. ITowever, the presence of a discrete 
nodule presents a more complex picture (fig. 16). A history of fluctu- 
ation in size, a multiplicity of lesions and a bilateral occurrence are in 
favor of a benign lesion. 

In spite of the fact that malignancy is evident neither in the micro- 
scopic picture nor in our follow-up reports, such a development may 
occur. Berns reported that a cancer developed in one of two enlarged 
mammary glands of a man, and that it was the ultimate cause of death. 
He stated that the breasts were similar to those of a woman and that 
the carcinoma recurred after an amputation. Among his case reports 
^ gynecomastia, Erdheim included a malignant intraduct papilloma. 

wenty-three per cent of the tumors of the male breast are malignant; 

lerefore, whenever a nodule is palpated, malignancy should he definitely 
ruled out or confirmed. If the mass shows no tendency to fluctuate in 
size, if it continues to grow or if it presents an indefinite picture, a biopsv 
3nd fiozen section of it should he made. 
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Fig. 13. — Chart of the age incidence in eighty cases of gynecomastia. 



Fig. 14. — Chart indicating the percentages of the outstanding signs and symp- 
toms in the present series of eightj'-eight cases of gj'necomastia. 
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TREATMENT 

In view of the findings on roentgen treatment recently reported/® it 
should be given a trial in all cases of acute hypertrophy. Evidence 
leads to the belief that chronic hypertrophies are unaffected by irra- 
diation therapy. 

Diffuse enlargements without nodular formation which do not 
respond to irradiation should be let alone unless the patient insists 



Fig. 15 (path. no. 32?6S). — Diffuse symmetrical enlargement of the right 
breast in a white hoy, 22 years of age. There was a history of gradual, diffuse, 
painful swelling of si.v months’ duration. Three deep roentgen treatments were 
administered witii a gradual and, finally, a complete disappearance of the tume- 
faction four months after the last treatment. T!ie patient is living and well, with 
no recurrence eight and a lialf years after the last treatment. 

•on removal for cosmetic purposes. In such cases, plastic surgery may be 
resorted to. As a rule, the nipple is of little consequence to the male 
patient and in such cases an elliptic c.Kcision, including the nipple, areola 
tmd breast tissue, may be made. However, when the breast is greatly 

86. ^fcnvillc. John G.: X-Itay Treatment in Gynecomastia, Radiology, to be 
published. 




Fig. 16 (path. no. 24617). — Circumscribed discrete swelling posterior and 
lateral to the right nipple in a white man, 48 years of age. There was a history 
of a gradually growing nodular mass posterior to the nipple of three years’ 
duration. The breast was excised, and the patient is well eight years later. 



Fig. 17. — View of a whole male breast section showing the appearance of 
gynecomastia at very low magnification. This breast was removed because malig- 
nancy was feared. High power magnification verified the diagnosis of gyneco- 
mastia. 
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enlarged and the patient does not care to lose the nipple, the operator 
may utilize a thoracolateral incision at the junction of the edge of the 
breast and thoracic wall. This latter incision saves the nipple, leaves 
a minimal scar and permits the removal of breast tissue. Pain, which 
may be associated with diffuse hypertrophies, may be treated by sug- 
gestion, although if it proves to be a constant source of physical and 
mental anxiety excision should be performed. 

A good rule to follow in hypertrophies which are either composed 
of, or include, a discrete nodule is to do a biopsy and make a frozen 
section in order to rule out malignancy. The biopsy performed in cases 
of localized hypertrophy should constitute a total excision of the tumor 
mass. Such a procedure answers the purposes of both diagnosis and 
treatment. 

PROGNOSIS 

The present series reveals no evidence of malignant change in 88 
cases of gynecomastia. However, the isolated reports in the literature 
of such cases serve as a warning that this possibility should always be 
remembered. The prognosis concerning the deformity is good if the 
proper treatment is instituted. 

CONCLUSIONS 

1. Gynecomastia results from general and local factors. 

2. A study of 130 cases of tumors of the male breast revealed : 

(a) The hypertrophies occurred in 88.8 per cent of the total cases. 

{h) The so-called ffbro-adenoma is a further development of hyper- 
trophy of the male breast (gynecomastia). 

(c) Fibro-adenoma is included in the classification of gynecomastia. 

3. All doubtful cases presenting a discrete nodule should have the 
benefit of a biopsy and a frozen section to rule out malignancy. 
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EFFECT OF CHRONIC DUODENAL OBSTRUCTION ON EVACUATION 
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One of the phases of chi'onic duodenal ileus which has attracted par- 
ticular attention is the relation between it and the function of the biliary 
tract. Every clinical description of duodenal ileus includes, as one of its 
frequent manifestations, a symptom complex which simulates disease o? 
the gallbladder.’^ Epigastric distress coming on shortly after meals, pain 
in the right hypochondrium with scapular radiation, eructation and even 
jaundice have been described either with or without organic changes in 
the biliary tract.- Orndoff ® suggested a relationship between the dis- 
turbances of duodenal motility so frequently seen in pregnancy and 
the cholecystic symptoms and disease which may attend and follow it. 
Duodenal ileus is said in some way”- to render the biliary tract more liable 
to infection.^ Wheelon ® found an involvement of the biliary structures 
in 75 per cent of seventy^-four patients with duodenal ileus. A chole- 
cy^stitis had developed in thirty'^-three cases, hepatitis in fourteen and 
peribiliary adhesions in forty-eight. In the remaining cases the biliary 
structures were unchanged. 

From the Surgical Pathological Laboratory of the College of Physicians and 
Surgeons, Columbia University, and the Departments of Surgery and Roentgenol- 
ogy of the Presbyterian Hospital. 

1. Andrews, K. S.; Chronic Duodenal Ileus, M. Clin. North America 13:1027, 
1930. Wilkie, D. P. D. : Chronic Duodenal Ileus, Am. J. M. Sc. 173:643, 1927. 

2. Higgins, C. C. : Chronic Duodenal Ileus : With a Report of Fifty-Six Cases, 
Arch. Surg. 13:1 (July) 1926. 

3. Orndoff, B. H. : Reverse Movements in the Contents of the Duodenum and 
Its Probable Significance, Illinois M. J. 55:406, 1929. 

4. Bockus, H. L. : Intermittent Arteriomesenteric Occlusion of the Duodenum 
with Dilatation and Stasis, Pennsylvania M. J. 32:618, 1929. Terris, E. : Les 
stenoses fonctionelles du duodenum. Rev. de med., Paris 43:163, 1926. 

5. Wheelon, Homer : Sj^mptoms Associated with Duodenal Retention and 
Reverse Motility, J. A. M. A. 86:326 (Jan. 30) 1926 
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Ph3fsiologic interest has centered on the much disputed role of the 
duodenum in the control of biliary outflow. One or more, or all, of 
the factors proposed, such as contraction of the musculature of the gall- 
bladder, elastic recoil of the wall of the gallbladder, biliary secretory- 
pressure with suction action on the gallbladder contents by the common 
bile duct stream flowing past the cystic duct and the changes in the intra- 
abdominal pressure with respiratory movements, empty the glallbladder 
and carry bile to the duodenum.® Because of the long and oblique 
insertion of the common bile duct in the substance of the duodenal mus- 
culature, the waves of duodenal peristalsis sweeping downward are said 
to exert an important milking action on biliary flow.' Aspiration, by 
the reduced pressure in the duodenum which follows each peristaltic 
wave, serves to complete the discharge of bile.® Resistance to the out- 
flow of bile is controlled by tonus changes in' the duodenal wall,® by a 
special sphincter at the orifice of the duct,^® or perhaps by both.^^ 

In the following experiments, the attempt was made to reproduce 
artificially the conditions of duodenal ileus, to alter duodenal tonus and 
motility and to study the changes which this might produce in the 
evacuation mechanism of the gallbladder. 


METHOD 

In the course of certain studies on the etiologj' of gallstones, Walsh and Ivy,i- 
in an attempt to obtain stasis of bile through a permanent alteration in duodenal 
motility, employed a method of duodenal reversal. A 2 inch (5 cm.) segment of 


6. Ivy, C.; Newer Physiology of the Gall-Bladder, Proc. Internat. Assemb. 
Inter-State Post-Grad. M. A., North America 5:378, 1930. Mann, F. C. : The 
Functions of the Gall Bladder, Physiol. Rev. 4:251, 1924. Higgins, G. AI. and 
Mann. F. C. : Oliscrvations on the Eniptving of the Gall Bladder, Am I Phvsiol 
78:339, 1926. 

7. Carlson, .A. J.; Physiology of the Liver; Present Status of Our Knowl- 
edge. J. A. M. A. 85:1468 (Nov. 7) 1925. Gopher, G. H. ; Kodama, S., and 
Graham. E. A. : The Filling and Emptying of the Gall Bladder, J E.xper Med 
44:6.3, 1926. 

8. Burpct, G. E.: The Regulation of the Flow of Bile, Am. T Phvsiol 74- 

583, 1925. ■ • 

9. y\ hitaker, L. R. ; The Alechanism of the Gall Bladder, Am T Phvsiol 

78:411, 1926. ’ 


10 Elman. R and .Mc.Master. P. D.: Physiological Variations in Resistance 
to Inlc Mow to Intestine, J. Exper. Med. 44:151, 1926. 

V' Dbchargc of Bile into the Duodenum, Arch. Sure 

: 101.1 (Dec 1 19.31. Lneth. H. C: Studies on the Flow of Bile into the 
Dn.vlennm and the Existence of a Sphincter of Oddi. Am. 1. Phvsiol 99--:>37 ] 03 ] 

stones: 
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the third portion of the duodenum was excised from duodenal continuity without 
disturbing its mesentery or blood suppl}% It was then turned 180 degrees on its 
transverse axis and sutured at both ends to reestablish duodenal continuity. Its 
distal end, however, was then directed orally; its proximal end, aborally. The 
normal peristaltic activity of the reversed segment would thus be directed 
up-stream, opposed to the peristaltic drive from above, producing in effect a physi- 
ologic duodenal obstruction. In the course of eight months, this led to certain 
morphologic and chemical evidences of biliary stasis in Walsh and Iv 3 ’’s cases. 
There was a marked lij’perplasia of the mucosa and lymphoid tissue of the gall- 
bladder. At autops}' the bile was found to be thick, and it contained sediment of 
the pigment and carbonate t 3 'pe. To reproduce duodenal ileus we emplo 3 'ed, at 
first, this reversal method. 

Rather small dogs (from 8 to 12 Kg.) were used generalh' to facilitate han- 
dling under the x-ray machine and fluoroscope. Control studies of the gastric and 
duodenal activity were conducted, and control emptying times of the gallbladder 
and stomach were determined before operation. The method of combined visual- 
ization, suggested b 3 ' Levene and Whitaker, clinicall 3 ’, was found to be useful 
and reliable in the dog. In general, for visualization of the gallbladder, the technic 
described b 3 ' Boyden,^'* Graham and Copher was used. No food was allowed 
on the da 3 ' of the injection of the d 3 'e. Tetiothalein sodium (Mallinckrodt) in a 
single dose of 0.15 Gm. per kilogram of bod 3 ' weight, dissolved in 30 cc. of water 
with 2 drops of 2 per cent sodium ly'droxide and filtered through China silk, was 
sterilized in the autoclave. It was injected intravenousb' at 5 p. m. Thereafter, 
water also was withheld. At 8 a. m. the next morning, fifteen hours later, roent- 
genograms were taken. When good visualization of the gallbladder was deter- 
mined, a combined motor and gallbladder emptying meal was given. The meal 
consisted of 120 cc. of 20 per cent cream, two egg yolks, 16 Gm. of barium sulphate 
and enough water to make a total bulk of 240 cc. Fluoroscopy was conducted, 
and roentgenograms were taken at sufficientl 3 >- frequent intervals to determine the 
time required for emptying of the gallbladder and for emptying of the stomach, 
and to make observations on duodenal motilit 3 '. This simultaneous stud 3 ^ of gastro- 
duodenal and gallbladder activit 3 ' admits of closer correlation of the results 
obtained, but the readings made on separate stud 3 - of each activity were just about 
the same. 

Generall 3 q under the conditions described, the gallbladder emptied in from one 
and one-half to two hours. In one dog it took three hours, and in two others it 


13. Levene, G., and Whitaker, L. R. : New Methods for Clinical Study of 
Gall-Bladder: Elaboration of Cholec 3 ^stograph 3 " with Simultaneous Examination of 
Stomach and Duodenum, New England J. Med. 202:203, 1930. 

14. Boyden, E. A., and Birch, C. L. : Reaction of the Gall Bladder to Stimula- 
tion of the Gastro-Intestinal Tract; Response to Substances Injected into Duo- 
denum, Am. J. Physiol. 92:287, 1930. Bo 3 'den, E. A.: Effect of Natural Foods 
on Distention of the Gall Bladder, Anat. Rec. 30:333, 1925. 

15. Graham, E. A.; Cole, W. H., and Copher, G. H. ; Cholec 3 'stography : An 
Experimental and Clinical Stud 3 ’-, J. A. M. A. 84:14 (Jan. 3) 1925; Cholecystog- 
raph 3 ': The Use of Sodium Tetraiodophenolphthalein, ibid. 84:1175 (April 18) 
1925. Graham, E. A. : Diseases of the Gall Bladder and Bile Ducts, Philadelphia, 
Lea & Febiger, 1928. 

16. Copher, G. H. ; Cholec 3 'stography : Appearance and Disappearance of the 
Shadow, J. A. M. A. 84:1563 (May 23)’ 1925. 
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took five hours. No reason could be found for these normal departures from the 
average, and repetition of the experiments confirmed within from one-half to one 
hour the normal control emptying time of these dogs. The stomach emptied itself 
in from four to five hours. In only one dog did it take six hours. The range 
of normal gastric evacuation time was found to be somewhat greater than that 
of the gallbladder, viz., from one to two hours. Before operation no duodenal 
stasis, dilatation or antiperistalsis was ever observed. Duodenal peristalsis was 
uniform, rhythmic and infrequent. 


RESULTS 

The effort to produce a chronic duodenal ileus by the reversal 
method sufficiently marked to give definite fluoroscopic changes was 
unsuccessful in our hands. Just how long a segment of the small 
intestine needs to reverse to cause the required amount of physiologic 
obstruction without killing the animal by too great an obstruction had to 
be determined by trial and error. At first a 3 cm. segment of the most 
distal portion of the duodenum was used. At the first determinations 
taken ten days after operation, the gastric and cholecystic emptying times 
were exactly the same as before operation. There was no apparent 
increase in duodenal activity, antiperistalsis, dilatation or stasis. Then 
a 6 cm. segment of the same portion of duodenum was used, with still 
no apparent results. Since the reversal of longer duodenal segments 
would have encroached on the region of the ampulla, it was decided that 
for longer reversal segments the first loop of jejunum would be used. 
It was recognized that probably longer segments of jejunum than of 
duodenum would be required to give the same amount of obstruction. 
A 15 cm. segment of jejunum was therefore employed. The results were 
the same — negative. There was rvhat might have been interpreted 
fluoroscopically as a slight hyperactivity of the duodenum. Autopsy 
showed a slight h 3 'pertrophy of the duodenum, but there were no definite 
physiologic changes sufficient for the purposes of our experiments. 

As a last resort, we reversed a 40 cm. portion of small intestine, 
l)cginning proximately quite close to the ligament of Treitz (dog 584). 
In this .small dog the segment represented a considerable portion of 
the entire small intestine. Ten days after operation, fluoroscopy revealed 
the duodenum to be fully twice its preoperative diameter. The gastric 
emptying time was increased by three and one-half hours. The meal 
remained in the dilated duodenum for fully one hour after the stomach 
was empty.^ Peristaltic activity of the duodenum was markedly exag- 
gerated. Ilhve after wave passed hurriedly down the dilated duodenum 
in quick succe.ssion. with little or no intervals of comparative quiet. The 
waves would pass down to the reversed segment, stop and charge back- 
ward toward the pylonts. Peristalsis and antii>eristalsis kept chvm'e 
surging rapidly back .and forth several times, before a thin stre,am was 
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admitted into and beyond the reversed segment. In the I’eversed jejunal 
segment activity was increased, but not as markedly as in the duodenum. 
Chyme was seen to pass in it alternatel}’^ in both directions, ujj toward 
the stomach and down toward the ileum. Be3^ond the reversed segment 
chyme passed only distally and quietl)". The evacuation time of the 
gallbladder Avas markedl}- increased. Before operation, it had taken 
only two hours; after operation, the gallbladder required fifteen hours to 
empty itself completel}’. 

Thirt}- days after operation there was little change from the picture 
just described. The cA^acuation time of the gallbladder AA^as still fifteen 
hours and the gastric cA'acuation time w^as fifteen hours instead of the 
preoperative four hours. Duodenal hj'peractivity, hoAVCA'cr, Avas not quite 
so marked as at the ten day obserA'ations, and the dilatation had some- 
Avhat subsided. Fifty davs after operation everAthing returned to 
normal. There Avas still a slight hA'peractivit}', but no dilatation, stasis 
or dela)' in the empt 3 -ing of the stomach or gallbladder. Autops 3 " 
revealed the reversed segment moderatel 3 ' h 3 ^pertrophied and the duo- 
denum proximal to it markedl3" h3'pertrophied, Avith no gross changes in 
the biliary tract or the bile. WhateA'^er the resulting morphologic 
changes ma 3 ^ have been, complete 2 )h 3 'siologic compensation for the 
rcA’^ersal had apparentl 3 " occurred. 

RcA’crsal of a 40 cm. segment of jejunum AA'as tried on a second dog. 
Ea'-cii the first observations, taken scA'-enteen da3'S after operation, gaA^e 
results exactl3" similar to those before operation. Because of the A^aria- 
bilit 3 ^ of results and the dog’s unexpected facilit 3 ’ to compensate CA-en 
for such large rcA^ersals. this method Avas finalh- abandoned. It ma3' be 
that the rcA-ersal of still longer segments Avould finallA' haA'e giA’^en con- 
stant and permanent results. HoAveA^er. it mattered little for the 
purposes of these experiments hoAV the duodenal ileus AA’'as produced, 
and it AA^as decided at this point to change to a more certain method. 

Berg and Jobling haA^e described a method of jiroducing chronic 
duodenal obstruction AA^hich giA^es fairl3' constant results. An upper 
right paramedian incision is made ; a flap about 4 cm. Avide and 4 cm. 
deep, Avith its base lateral, is cut in the lateral edge of the posterior 
sheath. An opening is made in an aA'ascuIar field of the duodenal 
inesenter3’^ just proximal to the ligament of Treitz. The flap is passed 
from right to left through this opening and turned back laterall 3 ^ OA'er 

17. Berg, B. N. : Meleney, F. L., and Jobling, J. W. : Experimental Chronic 
Duodenal Obstruction: I. Technic and Physiology, Arch. Surg. 14:752 (March) 

1927. Berg, B. N., and Jobling, J. W. : Experimental Chronic Duodenal Obstruc- 
tion : Changes in the Blood and Other Pathologic Changes, ibid. 16:593 (Feb.) 

1928. 
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the duodenum, forming for it a sort of sling or ventral mesentery. The 
edge of the reflected flap is sutured closely to its own base, by four or 
five interrupted mattress sutures, in such fashion that a marked con- 
striction of the lumen results. In general, a flap the width of which is 
one and one-half times the diameter of the duodenum (roughly one-half 
its circumference) gives, when formed into the sling, an effective degree 
of constriction without jeopardizing the circulation of the bowel. This 
is not altogether constant, for both the sling and the wall of the bowel 
are slightly variabh' plastic. A few animals were lost because of 
excessive obstruction or because the sling had ulcerated through, and 
operations had to he performed a second time on a few animals to take 



f 


Fig. 1 (dog 408). — Ten clays after operation; two hours after the ingestion of 
a barium meal. Note the sling constriction in the third portion of the duodenum, 
with the bulblike dilatation just proximal to it and the moderate dilatation of the 
rest of the proximal duodenum. ; 

up the slack in the sling and obtain a more effective ileus, but in gen- 
eral the method gave satisfactory results. This method has the advan- 
tage over compression by metallic bands in that no foreign body is 
involved and the sling suspends the duodenum to the ventral abdominal 
wall so that fluoroscopic visualization is facilitated. 

Chronic duodenal obstruction was finally obtained by this method. In 
eight dogs an ileus was produced which was even more striking than the 
one positive result described in the reversal method. In all eight dogs, 
ten days after operation, there were duodenal hyperactivitv, anti- 
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peristalsis, dilatation and stasis. The gastric emptying time was usually, 
but not always, increased, b}' from one and one-half to five hours. The 
contrast between the duodenum proximal to the sling and the jejunum 
just beyond it was striking (fig. 1). The duodenum in some cases 
appeared fluoroscopicall}'' to be three times its preoperative width. Waves 
of turbulent peristalsis and antiperistalsis carried chyme quickly back 
and forth in the duodenum, and only an occasional fine trickle was 
admitted beyond the obstruction. In comparison with the fluoroscopic 
findings, the symptoms presented by these dogs were slight. An equiva- 
lent degree of duodenal dilatation and hyperactivity in human beings 
would har^e been accompanied b)' attacks of biliary A’^omiting leading 
toward tetany and to a marked loss of weight and strength. In these 
dogs, unless the obstruction soon proA’^ed incompatible A\dth life, A^omiting 
occurred onl}' rarel)'- and, if at all, only in the first two postoperatir^e 
Aveeks. The animals AA-ere kept on the ordinarj'- stock diet, except that 
bones Avere prohibited and an extra ration of chopped meat Avas alloAved. 
They lost Aveight at first, but after a time regained most of it. There 
AA'as no anorexia or asthenia despite the AAudely dilated and hyperactive 
duodenum. 

Duodenal ileus resulted in each case, but the degree of change in each 
manifestation of the ileus, especially in their relation to one another, 
A^aried greatly. Berg and Jobling found the same lack oi correlation. 
Sometimes there was marked liyperactiAnty AAoth slight dilatation, some- 
times slight h3^peractiAdt3^ Avith a Avidel3'’ dilated duodenum and all A^aria- 
tions betAveen. The same A^ariabilit3^ in relation Avas noted betAA^een 
duodenal h3'peractiAdt3^ and duodenal stasis, betAveen the dilatation and 
stasis and betAveen any or all of these conditions AAoth gastric stasis. In 
tAA^o dogs (nos. 408 and 645) no gastric stasis resulted despite the 
marked duodenal obstruction. 

The ileus obtained Avas permanent in all but one dog. The obserA-a- 
tions taken thirty and sixt3' da3"s after operation, and even later, shoAved 
essentiall 3 ' the same ileus' obserA^ed at ten da 3 ^s. There Avas again, hoAV- 
ever, a lack of correlation betAveen its individual signs. There Avas, 
furthermore, a great A'ariabilit3^ Avitb. each manifestation betAveen its 
intensity at any one time and that at previous or later readings. Yet 
the obstruction, in one or more of its A^ariable features, persisted. At 
subsequent autopsies on these animals, the obstructed duodenums Avere 
found to be abruptty AAuder than the jejunums by from 40 to 80 per 
cent. The duodenal musculature aboA'-e the obstruction Avas hyper- 
trophied to almost tAA'ice the thickness of the duodenal muscle below the 
obstruction. When it is considered that the duodenum Avas at the same 
time dilated, the actual hvpertroph 3 '- is seen to be CA^en greater than the 
increase in thickness implies. There AA'as no duodenitis, neither A\"as there 
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evidence of any gross morphologic change in the biliary tract (see also 
the histologic studies of Berg and Jobling). In only one dog (no. 586) 
did all manifestations of the ileus, including hyperperistalsis, antiperi- 
stalsis, dilatation and stasis, subside. In this animal only a slight obstruc- 
tion was found at autopsy. The sling admitted fully the tip of the little 
finger, although at operation it had been left much tighter. The duo- 



Fig. 2 (dog S98). — Preoperative study of evacuation of the gallbladder. The 
film on the left shows the gallbladder visualization before the ingestion of a cream- 
egg yolk meal. The film on the right, taken three hours afterward, shows the 
gallbladder shadow fainter and smaller. At four and one-half hours only a faint 
trace of dye remained. At five and one-half hours the gallbladder shadow was 
absent. 



Fig. 3 (dog 598). — One month after operation (sling). The film on the left 
shows the gallbladder visualization before the ingestion of a cream-egg yolk meal. 
The film in the middle, taken eight hours afterward, shows the gallbladder of the 
same size and the same dye intensity. The film on the right, taken fourteen hours 
later, shows a moderate-sized gallbladder shadow. At eighteen hours only a faint 
trace of dye remained. At twenty-two hours the gallbladder shadow was absent. 

denum above it was also hypertrophied, indicating that at some recent 
tune, at least, a greater obstruction had been present. Stretching of 
the sling together with a simple increase in the force of peristaltic con- 
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traction may have been responsible for the gradual subsidence of ileus 
in this one clog. 

In all of the nine dogs in which duodenal ileus had been produced, 
there was found at first a definite decrease in the efficienc)' of evacuation 
of the gallbladder. Ten days after operation, in response to the same 
emptying meal, the evacuation time of tlie gallbladder was increased 
above its preoperative limits. This increase varied anywhere from one 
to ten hours. Here, too, the degree of increase could not be correlated 
with all or any one of the manifestations of ileus. Only one conclusion 
could be derived from these readings ; i. e., in all nine dogs the primary 
result of duodenal ileus was invariabl}'’ a definite dela)- in the emptying 
of the gallbladder (figs. 2, 3 and 4). During the unsuccessful attempts 
to produce duodenal ileus either by the reversal or by the sling method. 



Fig. 4 (dog 584). — One month after operation (reversal). The film on the 
left shows fasting gallbladder visualization. The film on the right, taken thir- 
teen hours after the ingestion of a combined cream-egg yolk-barium meal, shows a 
small gallbladder shadow still present, barium in the ileum and colon and a small 
gastric residue. At sixteen hours the stomach was empty and the gallbladder 
shadow was absent. 

none of the dogs (six) ever showed an increase in the evacuation time 
of the gallbladder. These dogs served as controls to prove that the 
ileus and not the operation was responsible for the delay in the emptying 
of the gallbladder. 

In seven of the nine dogs observations on the emptying time of the 
gallbladder were obtained thirty and sixty da3's after operation, and 
even later. In two of these dogs (nos. 342 and 667), in the course of 
time, the duodenal ileus increased and the delay in evacuation of the gall- 
bladder increased. In two dogs (no. 586, with the sling, and no. 584, 
with the reversal) all signs of ileus subsided, and with it the evacuation 
time of the gallbladder returned to normal. In the remaining three dogs 
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(nos. 598, 619 and 408) the duodenal ileus remained, and yet the 
emptying time of the gallbladder returned to normal (table). 

One incidental experience .should be mentioned. Many of the pre- 
operative control animals had to he di.scarded because of the onset of 
distemper. It was noted that if the animals were coming down with 
distemper, even a few days before frank “snuffles” and diarrhea had 
begun, the biliary flow was sluggish. The evacuation time of the gall- 
bladder in these control animals increased to fifteen, twenty or more 
hours. We learned to recognize this sign of biliary stasis as a warning 
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that distemper was beginning, and avoided further use of the animals. 
Because of the biliary stasis with infection, when distemper developed 
m any of the animals operated on, further results on them were dropped 
as unreliable. 

COMMENT 

According to Alvarez’ gradient theor}',’® any given point of intestine 
is more highly irritable than the next point distal to it, and normal 
peristalsis, therefore, proceeds only aborally. Antiperistalsis can appear 

18. Alvarez, W. C. ; The ^Mechanics of the Digestive Tract, New York, Paul 
y Hoeber, Inc.. 1928. Cannon. W. B.: The Mechanical Factors of Digestion 
^ew York, Longmans, Green & Co.. 1911. 
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under conditions of obstruction or local irritation, but otherwise the 
proximal-distal polarity of the intestine is constant. It is generally 
believed that this polarity of the peristaltic gradient is irreversible. The 
surgical reversal of a segment of intestine should therefore direct its 
peristaltic waves permanently up-stream against the downward drive of 
the proximal parts of the intestine, and thus produce a definite ph 3 'sio- 
logic obstruction. Yet after each reversal complete compensation 
occurred, and no permanent ileus was produced. 

The failure of the reversal method to produce chronic duodenal ileus 
may be accounted for by : 

1. An exaggerated activity of the intestine proximal to the reversed 
segment of such force that chyme is propelled through and beyond the 
reversed segment in spite of the physiologic obstruction which it imposes. 

2. An increase in antiperistalsis in the reversed segment proper. 
This would carry chyme down-stream against the upward drive of 
normal peristalsis in the anatomicall}^ reversed segment. 

3. A reversal of physiologic polarity in the anatomically reversed 
segment. This would direct the peristalsis down-stream again and 
relieve the obstruction. 

That there was no reversal of polarity is suggested by the observation 
that within the reversed segment chyme was seen to pass alternately in 
both directions. It was carried distalward either by propulsion by the 
duodenum proximal to the reversed segment or by antiperistalsis within 
the reversed segment. It could be carried in the proximal direction, 
however, only if the normal up-stream directed peristalsis of the reversed 
segment persisted, i. e., only if polarity was not reversed. This sug- 
gestion is supported by the moderate hypertrophy of the muscularis of 
the reversed segment. If reversal of polarity had occurred, the reversed 
segment would not be driving chyme up-stream, and hypertrophy would 
not have taken place. The marked hypertrophy of the proximal duo- 
denum attested further to the persistent resistance to the aboral passage 
of ch 3 TOe in the reversed segment, which had to be and was successfully 
overcome by an increased motor drive of the intestine proximal to it. 

The duodenal ileus obtained by the sling method, b 3 ^ reason of its 
anatomic character, was practically constant. It was also fairly uniform 
except for slight unavoidable differences in the formation of the sling. 
It, too, however, elicited all the means of compensation which could be 
applied. Peristaltic activity and muscular tonus of the duodenum 
proximal to the sling increased. With a given obstruction, if the tonus 
increases markedly, there is little dilatation ; if only slightly, there is more 
dilatation.^® With a given increase of tonus the greater the obstruction the 

19. Koennecke, W., and Mej'er, H. : Klinisches und Experimentclles zur 
chronischen Duodenalstenose, Deutsche Ztschr. f. Chir. 175:179, 1922. 
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wider will be the dilatation. Stasis re.sults only when the obstruction is 
greater than peristaltic efiiciency can easily overcome.'” As long as 
gastric peristaltic efficiency can meet its increased load theie is no 
gastric stasis. If the dviodenum can similarly meet its increased load, 
there is no duodenal stasis. Antiperistalsis appears because of the local 
e.xaggerated irritability. Hut in spite of the counter, U]i-strcam drive, 
peristalsis and tone can he so elevated that no stasis results. However, 
peristaltic reaction and tone vary greatly even normally.'^ On the 
individual differences and variations which arise in them dejicnd the 
differences in activit}', dilatation and stasis which were obtained. 

In all cases in which duodenal ileus was produced, the primary result 
was a definite increase in the evacuation time of the gallbladder. The 
late results were variable. The possible effects of duodenal ileus on 
the emptying of the gallbladder arc manifold: 

1. Chemical irritation of the duodenum will delay the emptying of 
the gallbladder.-- In our experiments, the stasis of chyme in the duo- 
denum was never so great as to make likely any chemical irritation. 

2. Acute distention of the duodenum will delay the evacution of the 
gallbladder. The obstructed duodenums in our experiments were usually 
considerably dilated, but this was a chronic and not an acute effect. It 
ma}' have been a factor, however, at least in the early changes noted. 

3. Dilatation of the duodenum might also be conceived to flatten out 
the intramural portion of the common bile duct, or to compress or distort 
it, and thus account for the biliary stasis. No anatomic evidence to this 
effect could be found, and there was no increase in the size of the 
common bile duct to suggest that any constant anatomic obstruction to 
bile flow had even recently been present. 

4. Hyperperistalsis, one of the two chief reactions to duodenal ileus, 
would tend to increase the efficiency of the emptying of the gallbladder 
by: (c) a greater downward milking action on the intramural portion 
of the common bile duct and (b) a greater aspiration effect b}'^ the 
greater and more frequent changes in duodenal pressure. 

Antiperistalsis is followed by the same changes in duodenal pressure, 
and therefore aids biliary flow by the same aspiration effects. The 

20. Kellogg, E. L., and Kellogg, W. A.: Chronic Duodenal Stasis, Radiology 
9 ••23 (July) 1927. 

21. Bloomfield, A. L., and Keefer, C. S. : Clinical Physiology of the Stomach; 
Simultaneous Quantitative Observations on Gastric Secretory Volume, Acidity 
and Motility, Arch. Int. Med. 38:145 (Aug.) 1926. Kasabach, H. H. : Effect of 
Ingestion of Water and of Dextrose Solution on the Emptying Time of the 
Normal Stomach, ibid. 48:1237 (Dec.) 1931. 

22. Crain, R. C., and Walsh, E. L.: Effect of Acute Chemical Duodenitis 
upon the Emptying Time of the Gall Bladder, Surg., Gynec. & Obst. 53:753, 1931. 
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peristalsis ma}^ Idc considered as opposing biliaiy flow, however, by the 
upward milking action. 

5. Hypertonus, the second of the two chief reactions to duodenal 
ileus, would delay the emiDtying of the gallbladder by exerting a greater 
intramuscular tension on the portion of the common bile duct traversing 
it. H}'pertonus and hyperactivity are roughly but not accurately cor- 
related. The increase in peristalsis ma}' be much greater than that in 
tonus, so far as the effect on biliar}^ flow is concerned. On the other 
hand, tonus may be so great that peristalsis is stopped. The final effect 
on the biliar}’^ flow would depend on the balance between these factors. 

Under the fluoroscope, between duodenal dilatation and hyperactivity, 
one may obtain a rough estimate of the tonus of the duodenal muscu- 
lature. However, changes in tonus ma}' well occur independently of 
these and may not be detectable b}' this method of observation. 

This fact may be sufficient to account for the variability of our late 
results, but other factors must also be considered. Tonus changes in 
the sphincter of Oddi may occur independently of tonus changes in the 
duodenum or of peristalsis and may compensate for them. Perhaps 
longer contact of food in the duodenum ijroduces more “cholecystokinin” 
and gives better contraction of the gallbladder. The musculature of the 
gallbladder, the biliary secretory pressure and the changes in the intra- 
abdominal pressure may determine their own compensation for whatever 
obstruction duodenal ileus imposes on the biliary flow. 

The inconstancy of our late results is in keeping with the clinical 
variabilit)'' of involvement of the gallbladder in duodenal ileus. In some 
cases biliar}’- stasis results ; in others, the duodenal changes or com- 
pensating factors are such that biliary stasis does not follow. The delay 
in the emptying of the gallbladder which was noted with the onset of 
distemper may have a clinical application. It indicates that the finding 
of good visualization with poor emptying of the gallbladder may be 
present even in extracholecystic disease. 

CONCLUSIONS 

1. The initial result of experimentally produced duodenal ileus in 
the dog is a definite increase in the evacuation time of the gallbladder. 

2. \M-ien the operative procedure did not result in duodenal ileus, 
or if ileus later subsided, the emptying of the gallbladder was as rapid 
as in the preoperative controls. 

3. The late results when ileus persisted were inconstant. In some 
dogs the delay in the evacuation of the gallbladder persisted ; in others, 
the emptying time of the gallbladder returned to normal. This is in 
keeping with the clinical variability of biliary involvement in duodenal 
ileus. Possible explanations for these variations are discussed. 
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4. The syni]il()nis of (lutxlenal ileus jM-ofUiced in the clog were much 
less marked than thfise prothiced in man hy an erinivalent degree of 
anatomic ohstruclion. 

5. The ability of the ]>roximal part of the intestine to com])ensate 
for the jihysiologic ohstrnction induced hy reversal of an intestinal 
segment in the dog is great. It is jirohahle that this compensation occurs 
hy an increased motor drive of the proximal intestine and perhaps also 
l)y increased anti]K-ristalsis in the reversed segment, rather than by 
any actual reversid of physiologic jinlarity. 

6. The delay in evacuation of the gallbladder noted with the onset 
of distemper is suggested as of clinical imi)ortance in that it is possible 
to obtain this finding in extracholecystic disease. 



PERITONITIS 

EFFECTS OF THE ADMINISTKATIOH OF SALT SOLUTION ON THE 
AMOUNT OF FLUID THAT ACCUMULATES IN THE 
PERITONEAL CAVITY 

ALFRED BLALOCK, M.D. 

NASHVILLE, TENN. 

There has been a growing tendenc 3 f in recent years to inject large 
quantities of fluids intravenousl}' in the treatment of shock, peritonitis 
and intestinal obstruction. MacFee and Baldridge,^ 1930, reported 
their results in the treatment of such conditions by the intravenous 
injection of large amounts of physiologic solution of sodium chloride. 
They stated that ; “The solution has been given intravenously in 
amounts ranging from 2000 cubic centimeters to 8000 cubic centimeters 
at a single injection. The usual amount required has been about 4500 
cubic centimeters.” Autopsy was performed recently on a patient who 
died of peritonitis and who had been given large amounts of salt solution 
intravenously. The peritonitis was generalized, and there was an unusu- 
ally large amount of fluid in the peritoneal cavity. Following this 
autopsy it was feared that the extent of the peritonitis had been 
increased by the fluid that had been introduced and that the patient’s 
chances of recovery had been lessened. 

The present experiments were performed in order to determine the 
amount of free fluid that was present in the peritoneal cavities of dogs 
with peritonitis, to some of which no fluid had been given and in others 
of which fluid had been introduced intravenously or subcutaneously. 

METHODS 

All of the experiments were performed on dogs. Two types of slightly differ- 
ent experimental procedures were carried out. In the first group of experiments, 
the meso-appendix was ligated and divided, and an opening was made that extended 
half across the appendix at the junction of the proximal and middle thirds. These 
animals were studied until they died or until it was seen that they were going to 
recover. If an animal lived for less than twenty-one hours following the operation 
or if it recovered, the experiment was discarded. In the second group of experi- 
ments, an opening was made half across the appendix at the junction of the 
proximal and middle thirds. The meso-appendix was not divided. Bleeding was 
controlled by suture ligatures. These animals were killed, and autopsy was per- 
formed approximately forty-eight hours following the operation. The experiments in 

From the Department of Surgerj', Vanderbilt University. 

1. IklacFee, W, F., and Baldridge, R. R. : Postoperative Shock and Shocklike 
Conditions: Treatment bj" Infusion in Large Volume, Ann. Surg. 91:329, 1930. 
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wliicli tlic animals survived Ic'-v lliaii ftirly-fivc Itonrs were disearded. litlier was 
used as tlie anesllictic for tlic eiperalion'.. 

The rest of the iiroeednres were rontnion to hoth tyiics of experimenls. In 
order to heep the animals <iniel while flni(K were heiiiR aihninistcred, they were 
given each day (1.03d (im. of morphine snlidiale itrior to the heginning of the 
injection. In order to maintain conditions as nniforin as possible and also because 
moridiinc is nsed in treating jecritnnitis. the animals not receiving flnids were also 
given morphine each day> Ko fluids or food were given by mouth following the 
operation. As has been stated, physiologic stdntion of sodium chloride was intro- 
duced intravenously in some e\i>eriments anil subcutaneously in some; the remain- 
ing animals received no fluids. 

Tlic femoral vein was chosen for the intravenous injections. The subcutaneous 
injections were made into the tissues of the thigh and flank. The fluid was intro- 
duced each day following the operation : it was at body lem]ieraturc and was given 
at a constant rate for a ju-riod of four hours. Ten cubic centimeters of fluid to a 
kilogr.am of body weight was given every hour for four hours. 

Following the death of the animal, the body weight was determined. A midline 
abdominal incision was then made, and a sample of the free fluid was obtained for 
subsequent study. .Ml of the free fluid was then sponged away from the peritoneal 
cavity. The animal was weigheil again, and the difTerence in the weight before 
and after the removal of fluid was determined in grams. This figure gave approxi- 
mately the number of cubic centimeters of free fluid in the peritoneal cavity. 

The nitrogen content of the fluid that was obtained from the peritoneal cavity 
was determined by the Gunning - modification of the Kjcldahl method. In the 
tables the nitrogen is exiiressed as iirotein. 


KKSfLTS 

The percentage of deaths that occurred iu less llian twenty-four 
hours following the o]tcration was greater in the group in which the 
lueso-appendix was ligated and divided. 

Experiments in Which the Meso- Appendix JVas Severed and an 
Opening Made Into the Appendix. — After a few experiments had been 
performed, it was realized that conclusions as to the relative merits 
of giving no fluids and of administering salt solution subcutaneously 
or intravenously in preserving or lengthening the life of animals with 
peritonitis could not be drawn from the experimental procedures used 
in this work. It would require a tremendous number of experiments 
to determine this point. Many animals died within less than twenty 
louis following the operation, and since fluids were not injected until 
e day following operation, these experiments are not included in the 
tables. One or more animals in each of the three groups, namely, 
receiving no fluid, those receiving salt solution intravenously and 


those 

those 


receiving it subcutaneously, appeared to be in good condition 
ic fourth day following the operation and were given food and water 

2 Gunning, J. W. : Ueber eine Modification der Kjeldahl-Afethode, Ztschr. 
anal. Chem. 28:188, 1889. 
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by mouth. They recovered from the operation and are not included 
among those reported here. 

The largest amount of free peritoneal fluid per kilogram of body 
weight was found in the experiments in which the salt solution was 
injected intravenousl 3 ^ The average number of cubic centimeters was 
40.9. The average number of cubic centimeters per kilogram of body 
weight in the experiments in which no solutions were injected was 
18.5, and it was 14.7 cc. in those in which the salt solution was given 

Table 1. — Showing the Effects of No Fluids, of Fluids Introduced Intravenously 
and of Fluids Injected Subcutaneously in Dogs in Which the Meso-Appendix 
Had Been Divided and an Opening Had Been Made into the Appendix 
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subcutaneously. It is surprising that there was a slightly larger amount 
of free peritoneal fluid in the experiments in which no fluid was injected 
than in those in which it was given subcutaneously, and this probably 
would not have been the case if the number of experiments had been 
greater. This finding was reversed in the second type of experiments 
to be reported later in this paper. There was little difference in the 
average protein content of the peritoneal fluid in the three groups of 
experiments. The lowest values were found in the experiments in 
which the fluid was given intravenousl)’’. 

The results of these experiments are given in table 1. 
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Experiments in Which an Opening Was Made Into the Appendix.— 
The experiments were discarded in which at the expiration of the 
forty-eight hour period no free fluid was found in the peritoneal 
cavity. Such a finding was the exception rather than the rule. The 
largest amount of free fluid was found in the experiments in which 
salt solution was injected intravenously. The average number of cubic 
centimeters per kilogram of body weight in these experiments was 34. 
The corresponding figure in the experiments in which fluid was given 


Table Z.—Slwzmng the Effects of No Fluids, of Fluids Introduced lutraveiwnsly 
and of Fluids Infected Subcutaneously in Dogs in Which an Opening Had 
Been Made into the Appendix Dogs Killed Approximately 
Forty-Eight Hours After Operation 
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subcutaneously was 12.2 cc., and in those in which no fluid was given, it 
was 8.2 cc. The protein content of the free peritoneal fluid was 
highest in the experiments in which no fluid was given, and it was 
lowest in the experiments in which salt solution was injected intra- 
venously. The results of these experiments are given in table 2. 

COMMENT 

From these experiments, conclusions cannot be drawn as to whether 
the introduction of salt solution intravenously increases or decreases 
the chances of recovery of an animal with peritonitis. The fact that 
the animals which received salt solution intravenously had on the average 
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approximately three times as much free fluid as those getting no fluids 
and those receiving salt solution subcutaneously suggests that die intro- 
duction of large amounts of fluids intravenously in the presence of 
peritonitis may be harmful. If the circulation is in sufficiently good 
condition to absorb fluids, it is probably better to administer them by 
some route other than the intravenous one. In the present experiments 
the introduction of salt solution subcutaneously was associated with 
approximately the same amount of free peritoneal fluid as the giving of 
no fluids. The effects of the introduction of fluids by rectal tube were 
not studied, because usually dogs expel fluid administered by this 
method. 

Beard and Blalock ^ found that the introduction of physiologic 
solution of sodium chloride intravenously while the intestines were 
being traumatized was associated with the escape of an unusually large 
amount of fluid into the peritoneal cavity. The present experiments 
show that bacterial and mechanical injuries act similarly in this respect. 

SUMMARY 

The effects on the amount of free peritoneal fluid and on the protein 
content of this fluid of not giving fluids, of injecting salt solution 
intravenously and of introducing salt solution subcutaneously have 
been determined in dogs with peritonitis. No food or water was given 
by mouth. In the first group of experiments, peritonitis was produced 
by ligating and dividing the meso-appendix with its vessels and by 
making an opening into the appendix. These animals were observed 
until death or recovery took place. In the second group an opening 
was made into the appendix, and bleeding vessels were ligated. The 
experiment was terminated approximately forty-eight hours later. 

The animals which received salt solution intravenously had an 
average of approximately three times as much free peritoneal fluid 
as those getting no fluids and those receiving salt solution subcutane- 
ously. The content in protein of the free peritoneal fluid was lowest 
in the animals in which salt solution Avas gi^^en intravenously. 

3. Beard, J. W., and Blalock, Alfred: Intravenous Injections: A Study of 
the Composition of the Blood During Continuous Trauma to the Intestines When 
No Fluid is Injected and When Fluid is Injected Continuously, J. Clin. Investiga- 
tion 11:249, 1932; The Effects on the Composition of the Blood of the Subcuta- 
neous Injection of Normal Salt Solution into Normal Dogs and into Dogs 
Subjected to Intestinal Trauma, Graded Hemorrhages and Histamine Injection, 
ibid. 11:311, 1932. 



experbiental peritonitis 

THE KOLE OE THE WELCH BACILLUS 
VERNON C. DAVID, M.D. 
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MARK LORING. Jvl.D. 
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Probably the most serious types of peritonitis arc those in which 
rrot only virulent micro-organisms arc present in the peritoneal cavity, 
but, in addition, culture material for the micro-organisms to develop on. 
This set of conditions is seen in various types of perforative peritonitis 
or in lesions accompanied Isy the death of tissue, such as postoperative 
peritonitis or peritonitis with strangulated hernia. Since it is difficult 
to produce peritonitis experimentally by the introduction of bacteria 
alone into the normal peritoneum, it seemed logical to assume that 
experimental peritonitis could be produced by the introduction of bacteria 
growing on a culture medium. By such a method it would be possible, 
theoretically, to study peritonitis produced by a single type of micro- 
organism or by selected groups of micro-organisms. Accordingly, pure 
cultures of Bacillus coli, staphylococcus, streptococcus and pneumo- 
coccus on agar or blood agar slants were introduced into the peritoneal 
cavity of dogs and rabbits. Many of these animals became extremely 
sick, and most of them died or were killed within twenty-four hours. 
At autopsy, in addition to the original micro-organism introduced into 
the peritoneal cavity, B. welchii was found to be present, and often 
predominated in numbers. In some instances, streptococci or staph3do- 
cocci were found to be present when the original organism introduced 
was B. coli. The peritoneum was reddened and contained a small 
amount of serosanguineous fluid with a little fibrin. Blood cultures 
were not taken in all experiments, but when cultured, they were 
negative. Control experiments in which plain agar was introduced 
into the peritoneum gave negative results. A summary of these experi- 
ments follows. 

EXPERIMENTATION 

Medium-sized dogs were selected, and under careful aseptic technic 
agar slants with a twenty-four hour growth of colon bacillus 
streptococcus, staphylococcus or pneumococcus were placed within the 
peritoneal c avity through a small, lower rectus incision. Seventeen 

From the laboratories of Rush Medical College. 
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of the 23 dogs died within from twelve to thirty-six hours of an exten- 
sive hemorrhagic peritonitis. The results of this series are given in 
table 1. 

Postmortem examination was made immediately or a few hours 
after death. Several of the dogs were markedly distended, and gas 
escaped from the peritoneal cavit}^ when the abdomen was opened. 
Smears and aerobic and anaerobic cultures were made from the peri- 
toneal fluid. A gram-positive anaerobic bacillus, which was identified 
as the Welch bacillus, was cultured along with the bacterium that had 
been growing on the agar slant. Other bacteria were cultured from 
6 of the 17 dogs with peritonitis. 


Table 1. — Agar Slant and Bacteria Given Intraperitoneally * 


Bacteria Dogs Deaths B. Welchii Other Bacteria 

Colon bacillus 12 9 S Streptococcus, 1 

Streptococcus 5 3 3 Staphylococcus, 1 

Staphylococcus 3 2 2 Streptococcus, 2 

Pneumococcus 3 3 3 Streptococcus, 2 

Rabbits 

Colon bacillus 4 2 2 None 

Streptococcus 2 11 None 

Staphylococcus 2 11 None 


Sterile Agar Slant Intraperitoneally 

Dogs Deaths Postmortem Cultures 

6 0 Negative Sterile 

Physiologic Solution of Sodium Chloride and Colon Bacillus Intraperitoneally 

Dogs Deaths Postmortem Cultures 

2 0 Negative Sterile 


• The same strain ot B. coli was used on an agar slant lor introduction into the 
peritoneum of 2 dogs ; death occurred within twenty-four hours of peritonitis from 
which the Welch bacillus was cultured. 


Four dogs were killed after sixteen hours to rule out the possibility 
of postmorten invasion of the Welch bacillus. 

In 6 dogs sterile agar slants were placed intraperitoneall}\ Post- 
mortem examination of these dogs showed the agar encapsulated, and 
the cultures were sterile. 

The same strain of B. coli that produced a hemorrhagic peritonitis 
with the invasion of the Welcli bacillus was injected intraperitoneally 
in a physiologic solution of sodium chloride into 2 dogs. Both dogs 
survived but were killed forty-eight hours later; the peritoneal fluid 
was sterile. 

To rule out the possibility that these experiments were peculiar to 
dogs, agar slants with B. coli, streptococcus or staphylococcus were 
jilaccd in the peritoneal cavity of eight rabbits. Four of the rabbits 
died of peritonitis; 'W'^elch bacillus and the bacterium from the agar 
slant were cultured. 
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The suspicion arose that the secondary invaders into the pentoncum 
misht come from the nearby intestine by continuity due to damage or 
inflammation of the wall of the bowel. Accordingly, under aseptic 
technic a piece of muscle was removed from the abdominal wall or 
from the hind leg of a dog. In the defect was placed an agar slant 
with a twenty-four hour culture of the colon bacillus, sticptococcus, 
staphylococcus or pneumococcus. Agar slants with bacteria were also 
placed between muscle bundles without removal of any of the muscle. 
Thirteen dogs were used in this group; two deaths occurred. Cultures 
from the pus of all the wounds showed the Welch bacillus along with 
the bacterium from the agar slants. Blood cultures were sterile. Gas 
was palpated in all the wounds. The muscle removed was passed 
through a Rosenau grinder, and the cultures were found to be sterile. 

Table 2. — Agar Slant ivith Colon Bacillus in the Abdominal Wall* 


Doga Deaths B. Welchll 

3 0 2 

Sterile Agar Slant in Abdominal Wall 

Dogs Deaths CviUtircs 

S 0 Sterile 


Agar Slant with Bacteria in Muscle ol Leg 

Bacteria Dogs Deaths 

Colon bacillus.. 4 1 

Staphylococcus 2 1 

Streptococcus 2 0 

Pneumococcus 2 0 


B. Wclchii 
4 
2 
■> 

2 


*A sterile agar slant was placed in the other hind leg of all the dogs; it always 
remained sterile. 


At the time when the agar slant with a bacterial grovvtli was' placed 
intramuscularly in the hind leg of a dog, a sterile agar slant was 
placed in a corresponding position in the opposite leg. Also, in 3 dogs 
sterile agar slants were placed between the muscles of the abdominal 
wall. The dogs were killed forty-eight hours later, and the cultures 
were sterile. 

These experiments are summarized in table 2. 

In 01 del to determine whether local infection was the essential 
factor in creating conditions favoring the appearance of secondary 
invading micro-organisms, several types of nonhacterial inflammatory 
reactions were set up in the peritoneal cavity. 

A 50 per cent solution of dextrose, a 5 per cent solution of turpen- 
tine emulsion and a 0.3 per cent solution of hydrochloric acid were 
injected intraperitoneally, and the dogs were killed at the end of twenty- 
four hours. Postmortem examination showed a slightly inflamed peri- 
toneum with a transudate, but aerobic and anaerobic cultures were 
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sterile. The possibility of producing peritonitis by chemical irritation 
of the peritoneum in the presence of mediums for bacterial growth was 
tried. Sterile agar slants were placed in the abdominal cavity under 
careful surgical technic along with dextrose or the turpentine solution. 
The dogs were killed twent 3 '--four hours later, and the cultures were 
sterile. 

Steinberg and Goldblatt ^ reported that they were able to produce 
fatal peritonitis by the intraperitoneal injection of 40 cc. of a 2.5 per 
cent solution of tragacanth with B. coll. We repeated their work using 
the colon bacillus, streptococcus and staph 3 dococcus in 9 dogs ; 6 deaths 
occurred from hemorrhagic peritonitis. Cultures of the peritoneal fluid 
contained the Welch bacillus along with the bacterium injected. Sterile 

Table 3. — Peritoneal Irritation 


1. Dextrose: 50 cc. of a 50 per cent solution: 2 dogs 

2. Dextrose: 50 cc. of a 50 per cent solution with 10 cc. of 2.5 per cent solution of 
iodine : 2 dogs 

3. Dextrose and a sterile agar slant: 1 dog 

4. Turpentine and a sterile agar slant: 2 dogs 

5. 0.3 solution of hydrochloric acid at two hour intervals: 3 dogs 

All dogs survived. Postmortem examinations were negative except for 
a transudate and adhesions. 


40 Cc. of a 2.5 

Per Cent Solution of Tragacanth 
Intraperitoneally 

with Bacteria 

Administered 

Bacteria 

Dogs 

Deaths 

B. Welchii 

Colon bacillus 

4 

4 

4 

streptococcus 

2 

1 

1 

Staphylococcus 

3 

1 

1 


40 Cc. of a 2.5 Per Cent Solution of Tragacanth Administered Intraperitoneally 

Dogs Deaths Postmortem Cultures 

3 0 Negative Sterile 


tragacanth injected into 3 dogs had no effect, and the cultures of the 
peritoneal fluid were sterile. 

The results of these experiments, summarized in table 3, show that 
chemical inflammation of the peritoneum is not followed b 3 '^ the appear- 
ance of bacteria in the inflamed area. 

Therefore, it can be assumed from these experiments that the sec- 
ondar 3 ^ invading micro-organisms were not introduced into the tissue 
from without and were not part of an accompanying blood stream 
infection; that the 3 '^ did not come directly b 3 '^ extension from the intes- 
tinal tract into the peritoneal cavit 3 ", and that the 3 ^ therefore must have 
been present in the tissue at the beginning of the experiment. It seems 
fair to assume, then, that B. welchii and occasionally other micro- 
organisms must be seeded into the different tissues of the body in 
laboratory animals through the blood stream without causing local 

1. .Steinberg, B.. and Goldblatt, H.: Studies on Peritonitis, Arch. Int. Med. 
39: -146 (March) 1927. 
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manifestations until the local resistance of the tissue is lowered _ by 
infection, when B. welchii rapidly overgrows the original infection, 

often with a fatal result. ,■ - < 

How do these experimental facts square themselves with clinical 
and experimental knowledge of this subject, especially as related to 
anaerobic bacteria? 

The Presence of B. Welchii in Hitman Fcccs. — As the intestinal 
tract is the most usual site for B. welchii, it is worth noting that 
Dudgeon = found that in 200 specimens of human feces, B. welchii was 
present in 35 per cent. Dudgeon also stated that in acute intestinal 
obstruction and in vomiting accompanying advanced peritonitis, the 
vomitus contained B. welchii in most instances. 

The Presence of Micro-Organisms in the Organs and Blood of 
Freshly Killed Animals. — In 1909, Conradi * e.xamined 162 organs 
from freshly slaughtered cattle and pigs; 72 of them contained micro- 
organisms. Bacteria were found in 42 of 63 livers, 18 of 59 muscles, 
6 of 19 kidneys, and 4 of 5 lungs. The micro-organisms were both 
aerobic and anaerobic. The latter were present in 30 per cent of the 
tissues examined. 

Reith^ found that 77 per cent of 216 slaughtered hogs had bacteria 
in the muscle, and of these, 37 per cent were anaerobes. 

Experimental Studies on the Ability of Micro-Organisms to Pass 
out of the Intestinal Tract into the Lymph or Blood Stream. — Arnold’s ® 
many contributions to the subject show that when the upper half of the 
intestinal tract in dogs, which is normally slightly acid, is made alkaline, 
the intestinal flora of the large bowel is found. Working with injec- 
tion of B. prodigiosus into the duodenum, with or without accompanying 
egg white, he found that bacteria went into the blood stream quickly and 
in great numbers in the presence of egg white in the duodenum. 

In the examination of mesenteric lymph glands in dogs, 50 per cent 
were found to contain a varied bacterial flora, which was greatly 
increased in obstruction of the bowel (Dr. David). 

Presence of Micro-Organisms in the Urme in Patients zvifh Focal 
Infections in the Mouth.-— G. F. Dick and G. R. Dick® found that 60 
per cent of patients examined by them with evident foci of infection 
had considerable numbers of bacteria in the urine. In a number of 
instances one or more of the kinds of bacteria found in the urine were 
isolated from the foci of infection in the mouth. 


2. Dudgeon, L. S.: J. Hyg. 25:119, 1926. 

3. Conradi, H. : Miinchen. med. Wchnschr. 56:1318, 1909. 

4. Keith, A. F.; J. Bact. 12:367, 1926. 


6.^ Dick, G. F., and Dick, G, R. : The Bacteriology of the Urine in Focal 
Infections, Arch. Int. ]iled. 19:493 (March) 1917. ^ ’ 
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Liver Autolysis Experiments. — It has been shown that small pieces 
of dog’s liver placed in the peritoneal cavity of dogs caused death of 
the animals. Ellis and Dragstedt ' showed that a gram-positive anaerobe 
was present in the peritoneum of these dogs. If, however, liver from 
pups remoA^ed by cesarean section were placed in the peritoneum no ill 
effects were noted, and the culture of the liver was sterile. Andrews ® 
repeated the experiments, and concluded that B. welchii probably passed 
through the intestinal wall and infected the liver. Later, Rewbridge ® 
and Andrews, Rewbridge and Hrdrina allowed bile to flow into the 
peritoneal cavit}'- or injected sterile bile salts into the peritoneum, and 
concluded that death was not due to toxemia from bile salts but to a 
B. welchii infection. They also took 100 Gm. of ground autoclaved 
dog’s muscle and implanted it into the peritoneal cavity of dogs. They 
found at autops}'’ that all had B. welchii infection. They concluded 
that B. welchii was normally present in dog’s muscle, and that injection 
of sterile bile salts into the muscle would activate the B. welchii so that 
a fatal infection ensued. 

Clinical Investigations on the Presence of B. Welchii in the Soft 
Parts and Peritoneum. — 1. It has been frequently noted, especially 
during the war, that fatal gas bacillus infection was often due to B. 
welchii growing in symbiosis with the streptococcus. 

2. The presence of B. welchii in appendicitis and peritonitis has 
been noted. Heyde studied the anaerobic flora in 102 acutely inflamed 
appendixes, most of which were perforated. In 100 he found anaerobes, 
of which 15 per cent were B. welchii, 20 per cent anaerobic streptococci 
and 45 per cent small gram-negative anaerobes. 

Weinberg, Prevet, Davisme and Ranard stated that in the study 
of 160 acutely inflamed appendixes the anaerobes predominated in the 
gangrenous cases. Thirt 3 ’^-three per cent were B. welchii, 39 per cent 
an anaerobic gram-negative bacillus and 19 per cent anaerobic cocci. 

Meleney, Harvey and Zern found that in cases of perforated 
appendixes with diffuse peritonitis B. welchii was present in 27 per cent, 
streptococci in 55 per cent, and B. coli in 100 per cent. In acute non- 
perforated local peritonitis, B. welchii was present in 13 per cent, in 
acute diffuse peritonitis in 31 per cent, and in appendical abscesses in 44 

7. Ellis, J. C., and Dragstedt, L. R. : Liver Autolj'sis in Vivo, Arch. Surg. 
20:8 (Jan.) 1930. 

8. Andrews, Edmund: Proc. Soc. E.xper. Biol. & Med. 27:987, 1930. 

9. Rewbridge: Surg., Gynec. & Obst. 52:205, 1931. 

10. .‘\ndrcws, Rewbridge and Hrdrina: Surg., Gynec. & Obst. 53:176, 1931. 

11. Heyde: Beitr. z. klin. Chir. 76:1, 1911. 

12. Weinberg, Prevet, Davi.sme and Ranard: Ann. Inst. Pasteur 42:1167, 1928. 

13. Melcney, F. L. ; Harvey, H. D., and Zern, H, Z. : Peritonitis, Arch. Surg. 
22:1 (Jan.) 1931. 
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per cent. In all ol these conditions, B. coli and streptococci wcic present 
in varying percentages. 

Eichhoff and Pfannensteil sliowcd that B, coli, streptococcus and 
Frankel’s bacillus were the predominating bacteria in appendicitis. In 
acute appendicitis, Frankel’s bacillus was present in 33 per cent. 

Bacteriology of Perforated Duodenal Ulcer. Lohr found that in 
early perforated duodenal ulcer the peritoneal cavity contained no patlio- 
genic micro-organisms. In 22 patients that he examined B. coli were not 
found up to twelve hours after perforation. I.^ater, however, the same 
type of micro-organisms that arc found in the colon appear in the peri- 
toneal exudate. Anaerobes, however, are rare. 

COMMENT 

The experiments reported in this paper lead one to believe that in 
certain laboratory animals local infections from known bacteria are 
early changed in character by the appearance . in the lesion of other 
bacteria, generally B. welchii, which soon predominate over the original 
infection. The source of the secondary invading bacteria seems to be 
the local tissue, and it is probable that these bacteria were there in an 
inactive and nonpathogenic form until brought to life Ijy the local 
infection, which created favorable conditions for their growth. 

In this connection it should be noted that the culture of dog’s 
muscle on artificial mediums failed to develop bacteria, whereas in the 
living animal muscle, micro-organisms growing on culture mediums 
created such favorable conditions for growth that the attenuated bac- 
teria already in the muscle became activated and overgrew the Ijacteria 
used in the experiment. To what extent B. welchii gains access to the 
blood stream from time to time in the dog’s intestinal tract and becomes 
seeded throughout the body tissues is not known. But some such dis- 
tribution of B. welchii in dog and rabbit tissue seems probable from 
these experiments. Finally, it seems probable that bacteria are present 
in an avirulent state in animal tissue, and that they may rapidly assume 
a virulent character if a continuing infection develops from bacteria 
introduced into the tissues from without. 

To what extent these findings and conclusions can be applied to 
infections in human tissues is, of course, a conjecture. Certain facts, 
however, make it an interesting speculation. There are many examples 
of the insidious migration and lodging of bacteria in the tissues of the 
human body, such as arthritis, osteomyelitis and cholecystitis. It is also 
known that bacteria may be dormant in tissues for long periods without 
producing c linical symptoms until, as a result of trauma or favorable 

14. Eichhoff and Pfannensteil ; Beitr. z. Win. Chir. 151:171 1931 

15. Lohr: Zcntralbl. f. Chir. 53:1618, 1926; Ztschr. {. Chir. 214:103, 1929. 
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local conditions, the}”^ become active, as in the case of ank3dosed joints 
following suppurative arthritis. Evidence also exists that some bacteria 
s.eem to flourish best when growing in symbiosis with other bacteria, as 
for instance in peritonitis or gas bacillus infection. The great variety 
of bacteria found in peritonitis, cholec3"stitis and cellulitis (as ischio- 
rectal abscess) offers the opportunit3'^ to consider whether some of the 
bacteria found in these lesions were l3dng dormant in the tissues where 
they had previousl3'^ lodged and were activated b3'’ the introduction of 
an outside or new infection in these tissues. The presence of strepto- 
cocci in so man3" lesions may possibly be accounted for on a similar 
basis. It is difficult to prove such a contention; we have no direct 
proof, and only offer the possibility as an analogy to the experimental 
data on animals. 

CONCLUSIONS 

The introduction of bacteria on culture mediums into the tissues 
of certain animals results in severe infection which is due not only to 
the bacteria introduced but to secondary invaders, chiefly B. welchii. 
Experimental evidence is submitted which indicates that the secondary 
invading bacteria were already present in the tissue in an avirulent 
state but were activated to growth b3'^ the infection introduced. 

The practical significance of these observations concern; 1 . The 
importance of the death of tissue in surgical procedures acting as a 
favorable culture medium for the development of bacteria already 
present in the tissue or introduced at the time of the operation. 

2 . The suggested mechanism of the development of some secondar3' 
infections. 

3 . The increase of the virulence of B. welchii when growing in 
symbiosis in living tissue with pus-producing bacteria. 

Presbyterian Hospital. 



DIVERTICULITIS OF THE COLON IN WOMEN 
HARRY R. HUSTON, M.D. 

DAYTON, OHIO 

The recognition of the clinical importance of diverticulitis of the 
colon is largely a development of the past two decades. Even though 
Virchow,^ in 1853, described “isolated, circumscribed, adhesive peri- 
tonitis” of the colon, it was not until 1899 that Grascr,- as the result of 
postmortem studies, directed attention to the association of these 
localized inflammatory processes with diverticula of the large bowel. In 
1907, Mayo, Wilson and Giffin = reported five cases of diverticulitis that 
had been encountered at operation and emphasized for the first time 
the symptomatology of the disease. It was not until 1914 that the condi- 
tion was recognized by roentgenologists.^ Since that time the ever 
increasing number of reports of this condition in medical, surgical and 
roentgenologic literature has brought convincing evidence of its enlarge- 
ing clinical importance. 

Diverticulitis of the colon may be defined as an inflammation of one 
or more diverticula, or accessory pouches, of the large bowel. The term 
diverticulosis is usually employed to describe the presence of asymp- 
tomatic diverticula. True diverticula of the colon are exceedingly rare 
and are of little clinical importance ; such diverticula are congenital and 
represent a developmental disturbance in which the walls of the pouches 
are composed of mucosa, muscularis and serosa. The most common 
form of diverticulum is the false or acquired diverticulum, which appar- 
ently has its origin in a structural weakness of the muscularis that 
permits the mucosa to herniate through the divided muscular layer and 
form a pouch, the wall of which is made up of mucosa and serosa. Such 
acquired diverticula have been aptly called mucosal hernias. 

The great majority of diverticula 'occur in the sigmoid colon. In an 
operative series of forty-two cases of diverticulitis of the colon reported 

From the Surgical Division of the Dayton Clinic. 

1. Virchow, R.; Historisches, kritisches und positives zur Lehre der Unter- 
leibsaffektionen, Virchows Arch, f, path. Anat. u. Physiol. 5:281, 1853. 

2. Graser, E.; Ueber multiple Darmdivertikel in der Flexura sigmoidea 

Verhandl. d. deutsch. path. Gesellsch. 28:254, 1899; Das falsche Darmdivertikel’ 
Arch. f. klin. Chir. 59:638, 1899. ’ 

3. Mayo, W. J. ; Wilson, L. B., and Giffin, H. Z. : Acquired Diverticulitis of 
the Large Intestine, Surg., Gynec. & Obst. 5:8, 1907. 

‘ 4. Abbe, R, : Case of Sigmoid Diverticulitis Simulating Malignancy, M. Rec. 
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by W. J. Mayo,® sigmoid diverticula were found in thirty-six cases. Judd 
and Pollock * found diverticulitis of the sigmoid colon in 75 per cent of 
one hundred and eighteen cases, while Masson " found the colonic diver- 
ticula to be restricted to the sigmoid colon in 81 per cent of one hundred 
and sixteen cases. In about 20 per cent of cases, diverticula may be 
found in the cecum, ascending colon, transverse colon, descending colon 
or in the rectum. 

Diverticula may vary in number from one to several hundred. In 
rare instances the entire colon may be studded with saccules varying in 
size from that of a pinhead to that of a walnut. There is no agreement 
as to any constant location of diverticula in their relation to the mesen- 
tery. Some writers have stated that diverticula are most commonly 
observed at the antimesenteric border, particularly at the point of pene- 
tration by blood vessels. As a matter of fact, diverticula have been 
found to occur at an}*^ point along the circumference of the wall of the 
large bowel. Kieth ® expressed the opinion that diverticula result from 
increased intracolonic pressure, with the protrusion of sacculations of 
mucous membrane through weak areas in the musculature. In all 
probability the production of acquired diverticula is dependent on several 
factors. The disease occurs most commonly in obese persons past 40 
years of age, who are physically inactive and who have experienced 
chronic constipation for many months or years. Ordinarily, chronic 
constipation affects the sigmoid colon to a greater degree than it does 
other parts of the large bowel, because the fecal current is slowest in 
the sigmoid flexure. It seems probable, therefore, that a combination of 
some or all of these circumstances is responsible for the development of 
diverticula. Diverticulitis is much more common in men than in women, 
in the ratio of approximately 2: 1. 

That diverticulosis and diverticulitis are much more common than is 
generall}' believed is illustrated by the frequency with which diverticula 
are discovered accidentally as the result of routine roentgen studies. At 
ashington University, Larimore ® found definite evidence of diverticu- 
losis in fifty five (1.65 per cent) of 4,408 patients who were subjected 
to roentgen studies of the intestinal tract. Spriggs and Marxer found 

5. Mayo, W. J. : Diverticulitis of the Large Intestine, J. A. M. A. 69:781 
(Sept. 8) 1917. 

6. Judd. E. S., and Pollock, L. W. : Diverticulitis of the Colon, Ann. Surg. 
80:425, 1924. 

7. Masson, J. C. : Diverticulitis of the Large Bowel, Canad. M. A. J. 11:106, 
1921. 

8. Kieth. .A.: Diverticula of the .Alimentary Tract of Congenital or of Obscure 
Origin, Brit. M. J. 1:376, 1910. 

9. Larimore, J. W. ; Diverticulitis of the Large Intestine, J. Alissouri M. A. 
22:129, 1925. 

10. Spriggs, E. L, and Marxer, O. .A.: Intestinal Diverticula, Brit. M. J, 1: 
130, 1926. 
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one hundred cases of diverticulosis in 1,000 roentgenologic examinations 
of the large bowel. 

DIAGNOSIS AND TREATMENT 

Diagnosis . — Diverticulitis ma}' manifest itself as an acute or chronic 
disease. When the disease exists in the chronic form, acute exacerbations 
are common. Ordinarily the patient will complain of vague, intermittent 
pain, occasionally cramplike in severity, in the lower left abdominal 
quadrant. Occasionally the pain is most pronounced in the lower mid- 
abdominal region. Many patients will complain of bladder symptoms, 
notably frequency and tenesmus. If the abdominal wall is thin, it is 
usually possible to palpate a tender, ropelike, hard, nodular sigmoid 
colon. The sacculations usually become filled with fecal material which 
becomes inspissated and often impregnated with calcium salts, forming 
rocklike fecaliths. These scybalous masses may cause pressure atrophy 
and erosion of the intestinal wall, with the development of perforation, 
abscess or localized or generalized peritonitis. In some instances fistulas 
may develop into the urinary bladder or through the skin. The develop- 
ment of large inflammatory masses with or without perforation may 
produce angulation and obstruction. In rare instances adenocarcinoma 
may develop in the diverticulum, probably as a result of prolonged 
irritation. 

Acute diverticulitis usually produces the symptomatology of left- 
sided appendicitis. The severe sudden abdominal pain is usually gen- 
eralized at the abrupt onset of illness, but becomes localized in the region 
of the suppurative diverticulitis. These symptoms are accompanied by 
localized tenderness, muscle spasm, fever and leukocytosis; nausea and 
vomiting may occur. While the suppurative process remains restricted 
to the diverticulum, the fever and leukocytosis are usually of the mild 
degree seen in acute appendicitis. Extensive ulceration of the mucosa 
of the diverticulum is rare, so that it is unusual to find blood in the 
stool. 

Unless the symptoms indicate that immediate operation is advisable, 
roentgen studies should be made. The roentgenographic appearance of 
diverticula of the large bowel is usually characteristic and diagnostic. 
If the saccules are filled with fecal matter, it is often impossible to out- 
line the diverticula with the barium mixture. A ragged, spastic, “saw- 
tooth-like” appearance of the large bowel is highly suggestive and should 
invite further roentgen studies.^^ If roentgenograms are taken from 
twenty-four to seventy-two hours after the opaque meal is given, the 
residue of barium will frequently outline the pockets after the lumen of 
the bowel has been emptied.^- 

11. Mackoy, F. W. : Familj' Diverticulosis of the Colon, Radiology 7:498, 1926. 

12, Enfield, C. D. : Diverticulosis and Diverticulitis of the Colon Am T 

Roentgenol. 12:242, 1924. ’ ‘ 
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Treatment . — The mei'e presence of symptomless dwerticula does not 
warrant surgical intervention. Surgical treatment should be confined 
to acute diverticulitis or to the complications of chronic diverticulitis. 
The most common complications are perforation, with the development 
of localized or generalized peritonitis, formation of abscesses, intestinal 
obstruction due to a large inflammatory mass, fistulas between the 
involved area and the bladder, intestine or skin, secondarj'- abscess of 
the liver and a malignant condition. Perforation of a diverticulum 
during an acute attack is rai'e. Ordinarily, the perforation does not 
occur into the free peritoneal cavity, because the preexisting inflam- 
matory reaction usually fixes the sigmoid to loops of the small intestine 
or to the parietal peritoneum or anterior abdominal wall. Consequently, 
formation of abscess is the most common complication. 

The development of acute diverticulitis requires surgical treatment. 
If it is found that localized peritonitis or abscess has developed, the area 
should be drained, and the loop of bowel containing the infected area 
should be drawn through a split-muscle incision. I have found it unwise 
to excise or open this loop because of the danger of rupture of the diver- 
ticulum and the escape of fecal material. If the diverticulum should 
rupture following its withdrawal from the abdominal cavity, little or no 
harm results. Hot boric acid dressings should be applied to the exposed 
loop of infected bowel until the infection has become inactive. After the 
inflammatory process has entirely subsided, it is possible to release the 
loop of bowel and place it beneath the abdominal muscles, external to 
the peritoneum. The incision is then closed without drainage. If the 
diverticulitis does not subside, a Mikulicz resection usually yields the 
best results. 

On opening the abdomen it may be difficult in certain instances to 
distinguish between carcinoma of the large bowel and diverticulitis. 
The regional lymph-nodes are usually enlarged and firm in the presence 
of diverticulitis, as well as of carcinoma. In such cases a rapid micro- 
scopic examination of the tissue should be carried out. If any doubt 
exists as to the presence of carcinoma, radical resection is indicated. 
The loop of bowel containing the neoplasm can usuall)' be delivered 
through the abdominal incision, and a Mikulicz resection can then be 
performed. 

REPORT OF CASES 

One purpose of this undertaking is to present the pertinent clinical 
findings in four cases of diverticulitis of the colon, three of which pre- 
sented pelvic symptoms that led to confusion with gynecologic conditions. 

^C.\SE 1.— Mrs, N. A., aged 52, an obese housewife, presented herself on July 1, 
1950. M’ith the e.xception of chronic constipation, she had enjoyed excellent health 
until four weeks before this time. The menstrual history had been entirely 
uneventful prior to the onset of the present illness. Four weeks previously the 
patient began to experience continuous pain in the lower part of the abdomen. 
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which became localizcil in the right lower quadrant. About one week following 
the development of the abdominal pain the paticirt began to have contimions vaginal 
bleeding which gradually increased in intensity. She had lost 30 pounds (14 Kg.) 
in weight during the four weeks of illness. On examination, the temperature was 
found to be 100 F., with a heart rate of 92. The skin and mucous membranes 
showed marked pallor. The tongue was dry and parched. Examination of the 
head, neck and chest revealed no abnormalities. A large nodular mass was found 
in the center of the lower part of the abdomen, which extended 3 cm. above the 
umbilicus. The mass was e.xquisitely tender on pressure. On vaginal examma- 
tion a large, tender, fixed mass was found to fill the entire pelvis. 

Hematologic studies revealed 2,630,000 red blood cells per cubic millimeter and 
2,300 white blood cells, with 93 per cent neutrophilic polymorphonucleosis. The 
estimation of hemoglobin was 45 per cent (Dare). Chemical analysis of the blood 
showed: creatinine, 2 mg. per hundred cubic centimeters; urea nitrogen, 17 mg.) 
blood sugar, 357 mg., and blood chlorides, 505 mg. The Wassermann and Kahn 
tests of the blood were negative. An analysis of the urine revealed a large amount 
of albumin and 2.1 Gm. of sugar per hundred cubic centimeters, with acetone and 
diacetic acid. The microscopic examination revealed a large number of separate 
and clumped pus cells; there were no red blood cells and no casts. 

The patient was given medical treatment, which consisted of regulation of the 
diet, insulin, forced fluids and transfusions. During the following week, the blood 
sugar was restored to the normal level, and three transfusions were given. Lap- 
arotomy was done on July 8, 1930, with the preoperative diagnosis of multiple 
fibromyomas of the uterus. A large nodular uterus, containing multiple fibromyo- 
mas, was found, with an orange-sized abscess between the omentum and the fundus 
of the uterus, which extended into the left broad ligament and involved the sigmoid 
colon. This colon showed multiple diverticula. The abscess originated in one 
of the diverticula. Supravaginal hysterectomy, bilateral salpingectomy and appen- 
dectomy were done. The loop of sigmoid colon containing the infected diverticulum 
was brought to the outside of the abdomen through a split-muscle incision. Dress- 
ings of hot boric acid were repeatedly applied to the exposed portion of the sigmoid 
colon, and after two weeks the inflammatory process had entirely subsided. Three 
days after the sigmoid had been withdrawn from the abdomen, the diverticulum 
ruptured and discharged purulent fecal material for five days. After the inflam- 
matory process had subsided, the sigmoid was detached from the skin and placed 
beneath the left rectus muscle, external to the peritoneum. The convalescence was 
uneventful, and the patient was discharged from the hospital on Aug. 17, 1930. 
She has since regained her normal weight and has been in excellent health.' 

Case 2. — ^Mrs. D. K., an obese housewife, aged 54, was first seen on Nov. 3, 
1928. Her health had always been excellent. She had experienced chronic constipa- 
tion for many years. The menopause had occurred six years previously. Three 
weeks before admission to the clinic she experienced a sudden, severe pain in the 
lower left abdominal quadrant, which was relieved following an enema. Since that 
time the pain had persisted to a less marked degree in the same region Occasion- 
ally it became generalized over the entire abdomen, and she became nauseated. 
The general physical examination revealed nothing of importance except in the 
abdomen and pelvis. A tender mass, the size of a lemon, was palpable in the 
lower left abdominal quadrant. There was no rigidity of the muscle On vaginal 
examination the uterus was found to be small and tender on deep pressure. There 
\yas a tender, palpable mass, the size of an orange, in the region of the left broad 



1116 


ARCHIVES OF SURGERY 


The temperature was 99.6 F., with a pulse rate of 95. Hematologic studies 
revealed a slight degree of secondary anemia, with no leukocytosis. The Wasser- 
mann and Kahn tests of the blood were negative. Urinalysis gave negative results. 

On Nov. 4, 1928, laparotomy was performed, with the preoperative diagnosis 
of pelvic tumor. A large orange-sized, fluctuant mass was encountered at the 
rectosigmoid junction. About 3 inches (7.6 cm.) above this mass and connected 
with the sigmoid colon was a similar mass about 5 cm. in diameter. The gross 
appearance strongly suggested carcinoma of the sigmoid. The first stage of a 
Mikulicz operation was performed. The pathologist reported multiple diverticula, 
with no evidence of malignant transformation. Hot boric acid dressings were 
applied to the intestine; fourteen days later it was placed beneath the rectus 
muscle, external to the peritoneum, and the abdominal wound was closed. 

On Nov. 12, 1928, the patient was discharged from the hospital with a small 
draining sinus, which closed within the next two weeks. On Feb. 27, 1930, a 
barium enema was given; the roentgenograms revealed a normal colonic outline, 
except for the presence of se%^eral small pea-sized diverticula near the splenic 
flexure. At present the patient is in excellent health. 

Case 3. — Mrs. M. S., a housewife, aged 48, presented herself for clinical study 
on Jan. 31, 1931. The chief complaint was abdominal pain. During the summer 
of 1930, the patient had experienced severe “bearing down” pains in the abdomen 
and pelvis. Her previous health had been good, except for an almost constant 
dull headache that had persisted for years. Coincident with the development of the 
abdominal pain, urinary frequency and nocturia developed. The patient was unable 
to empty the bladder completely. These symptoms persisted until November, 1930, 
when they abruptly ceased. The previous good health was regained, except for 
constant backache. 

On the day before admission to the clinic acute pain developed in the lower part 
of the abdomen, associated with marked urinary frequency. The pains were sharp 
and cramping. She had always been more or less obese and had experienced no 
recent loss in weight. There had been no menstrual difficulties prior to the meno- 
pause, which occurred at 44 years. She had four healthy children. 

The results of the general physical examination were entirely negative, except 
for the pelvic examination. The uterus was markedly retroflexed ; there were no 
palpable tumor masses. 

Studies of the blood, the Wassermann and the Kahn reactions and urinalj'sis 
gave entirely negative results. 

In the absence of other findings it was concluded that the relaxation of the 
pelvic floor, together with the marked retroversion of the uterus, had caused pro- 
trusion of the cervix into the bladder; this in turn had caused urethral obstruction. 

On Feb. 21, 1931, laparotomy revealed marked retroversion of the uterus and 
a lemon-sized mass in the anterior wall of the large intestine, at the rectosigmoid 
junction. Ventral fixation of the uterus was done, together with ligation of the 
fallopian tubes and removal of the mass in the rectosigmoid wall. This mass was 
found to contain four cherrj'-sized diverticula, each containing masses of inspissated 
feces. There was no evidence of malignancy. A small fecal fistula developed on 
Feb. 26, 1931 : it gradually closed during the next two weeks. The operation was 
followed by complete relief of s 3 'mptoms. The patient has experienced e.xcellent 
hc.alth since the time of operation. 

C.\SF. 4. — Miss J. F., a school teacher, aged 55, was first seen on March 28, 
1931. Two years previoush-, 100 Gm. of radium, with a brass screen, had been 
placed in the uterine cavity for twenty-four hours, in order to control uterine 
Iiesnorrhage due to the presence of a submucous fibromyoma. In January, 1930, a 
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complete diagnostic survey was airricd out, llic patient’s complaints at that time 
were marked constipation and pain in the lower part of the hack, witli a constant 
dull headache and insomnia. The pain in the back frccinently radiated around to 
the right side of the abdomen. 

The results of complete physical and laboratory examinations at this time were 
essentially negative, except that a barium enema revealed several small diverticula 
in the sigmoid colon. 

On March 28, 1931, tiic patient experienced a sudden, sharp, generalized 
abdominal pain that gradually localized itself in the right lower abdominal quad- 
rant. The onset of the pain was followed by nausea and vomiting. The tem- 
perature was 101.4 F., with a pulse rate of 105, The results of a general physical 
examination were negative, e.xcept for the presence of tenderness and rigidity of 
the muscles over the lower right abdominal quadrant. There were no palpable 
tumor masses. The blood picture showed a white blood cell count of 14,500 with 
94 per cent polymorphonuclear neutrophils. Urinalysis gave negative results. 

A diagnosis of acute appendicitis was made, and the abdomen was opened 
through a split-muscle incision. The cecum was found to lie in the pelvis, and 
the appendix was found to be normal. At the upper end of the incision a firm, 
spherical mass, 8 cm. in diameter, was palpated. When this mass was withdrawn 
from the abdomen, a small amount of pus escaped. The mass was found to be the 
hepatic flexure of the colon, with multiple small diverticula protruding from it. 
The mass was left outside of the abdomen, and dressings of hot boric acid were 
applied. Several of the diverticula ruptured and drained fecal material for several 
days. The inflammatory process subsided in about two weeks, after which the 
colon was replaced beneath the abdominal muscles, external to the peritoneum. 
The wound healed rapidly, and the patient has experienced good health since the 
operation. 

SUMMARY AND CONCLUSIONS 

1. Diverticulitis of the colon is a much more common disease than is 
generally appreciated. 

2. Diverticulitis of the mobile sigmoid colon may produce symptoms 
of pelvic disease. In three of the four cases that form the basis of this 
thesis, the symptoms led to confusion with gynecologic conditions. 

3. In one instance, reported herewith, the symptoms of acute diver- 
ticulitis closely simulated those of acute appendicitis. 

4. Acute diverticulitis and the complications of chronic diverticulitis 
require surgical treatment. The withdrawal of the loop of bowel con- 
taining the infected diverticula through a split-muscle incision in the 
anterior abdominal wall, followed by the application of hot boric acid 
dressings until the inflammatory process has subsided, has yielded the 
best results in my experience. After the inflammation has subsided 
the loop of bowel may be released and placed beneath the abdominal 
muscles,^ external to the peritoneum. In the absence of intestinal 
obstruction or of evidence of carcinoma, it is rarely necessary to perform 
a Mikulicz resection. 
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MISCELLANEOUS 

Edtiuococcus Disease of the Bone . — Coley -* reported 2 cases of 
echinococcus disease of the bone. Both inr^olved the bones of the pelvic 
girdle. In both cases the diagnosis was arrived at late in the disease 
and after the patients had been treated with high voltage roentgen 
therapy without benefit. In each case the diagnosis was made by biopsy. 
One patient is still alive, but the other died of complications following 
biopsy. Two forms of treatment are discussed. One consists in evacu- 
ation of the large cystic cavity and treatment with phenol or for- 
maldehyde in the hope of producing fibrosis and subsequent obliteration 
of the cavity. The other, more ideal one consists in wide excision or 
amputation of the bone involved. The author stated that only 3 cases 
of osseus hydatid disease had been reported in this country up to 1930, 
Roentgen Signs of Infantile Scurvy. — Kato discussed the various 

so-called pathognomonic roentgen signs of infantile scurvy. The white 


24. Coky, B. L.: J. Bone &- Joint Surg. 14:577, 1932. 

25. Kato. K.: Rncliolog^- 18:1096, 1932. 
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line in the inetn])hyscal area of the long bones seen in scurvy is also 
found in lead poisoning, phosphorus poisoning and other diseases. The 
contiguous area of diminished density of bone is likewise not pathog- 
nomonic. Tlic sharp hairline outline of the epiphysis, while always 
present, is found in some other lesions. From a roentgen standpoint all 
of the so-called pathognomonic signs of scurvy must be correlated, 
and subperiosteal hemorrhage must he present if one is to malce a posi- 
tive diagnosis. 

[Ed. Note. — This article merits careful reading. The old concep- 
tion of certain findings in certain diseases as classic must again be 
modified by reasoning and clinical observation.] 

Diagnosis of /Iviyloid Disease . — In 1923, Bennhokl discovered that 
an intravenous injection of aqueous solution of Congo red could be used 
as a test for the presence of amyloid disease. Amjdoid material 
absorbed the congo red, and the percentage decrease of the dye content 
of the serum over a period of one hour was estimated colorimctrically. 
In the normal person, from 10 to 20 per cent was found to have dis- 
appeared ,’ in patients with amyloid disease, the diminution was between 
30 and 100 per cent. Wallace tried the test on 30 patients. It con- 
firmed the diagnosis of amyloid disease in 15 of 17 patients clinically 
suspected of having the disease. Wallace argued that the test gave a 
quantitative result, and therefore was superior to Waldenstrom’s liver 
puncture test, besides being less drastic. 

Kienboch’s Disease. — Mouat, Wilkie and Harding studied 12 
patients with Kienbdeh’s disease. In 6 the semilunar bone was 
excised ; of these, 4 resumed their former work, 1 did light work, and 
1 could not be traced. In the other 6 the semilunar bone was not 
excised; of these, 1 resumed his former work, 1 did light work, and 
4 remained unable to work. After removal of the semilunar bone, 
pain was relieved, and the outlook as regards recovery of function was 
excellent in the cases in which the prognosis was not impeded by a 
question of litigation. There was, however, some loss of range of 
movement, which, as a rule, diminished the wage-earning capacity. 

Subchondral Focal Necrosis of the Third Metacarpus. — Dietrich-® 
reported 7 cases of necrosis of the distal end of the third metacarpal 
bone which he believed were examples of aseptic necrosis. This would 

26. Wallace, J. E.: Lancet 1:391, 1932. 

27. Mouat, T. B.; Wilkie, J., and Harding, H. E.; Brit. J. Surff. 19:577 
1932. 

28. Dietrich, H.; Arch. f. klin. Chir. 171:555, 1932. 
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constitute a syndrome comparable to Kohler’s disease of the second 
metatarsus. The clinical signs were mainly pain, local swelling of the 
affected joint and a sense of tightness on making a fist. Histologic 
examination of the bone of the first patient, a girl of 15 years, yielded 
a pathologic picture which fitted in well with that of aseptic necrosis. 
Some of the other cases were open to question as to the assuredness of 
the diagnosis. The last patient presented deformity of the metacarpus, 
imoadening vacuolization and free body formation. Unfortunately no 
section of tissue was available in this instance. 

Osteochondritis Deformans Contrasted with Osteochondritis 
Deformans Juvenilis. — In discussing hypertrophic arthritis and the 
changes in the joints associated with coxa plana (Legg’s disease), 
Lang concluded that although there are factors involved in the for- 
mer, such as age, vascular changes and perhaps systemic disease, that 
are not present in the latter, trauma is an important causative factor in 
both, and that the disease originates after damage to the articular 
cartilage. This loss of elasticity removes the protection that the normal 
cartilage affords to the subchondral bone against functional and 
mechanical influences. 

Disturbances of Consolidation After Orthopedic Osteotomies. — In 
621 osteotomies performed duriirg a ten year period, 8 cases of delayed 
union were encountered by Brandes.®® Of these, 3 ended as true 
pseudarthrosis. In all but 1 case (pregnancy) local causes were present. 
Most of tlie disturbances occurred following osteotomies of the leg. No 
difficulty was encountered after osteoclasis. 


TKAU^fATIC INJURIES TO THE JOINTS 

Truunuitic Dislocation of the Hip. — Platt, after remarking on the 
fact tliat traumatic dislocation of the hip is usuallj'' reduced without 
>{HciaI difficulty and results in perfect function of the joint, recorded 
4 with complications, as follows: (1) Fracture of the acetabular 
riiii witli e.vtrusion of the loose bony fragment per vaginam: result, 
perfect. (2j Involvement of the sciatic nerve and myositis ossificans, 
iKce-dtating excision of the head of the femur. Severe irritative signs 
"..■\e!.))ivd a- the .sciatic nerve was recovering. The ultimate fate of the 
p -.tnnt waMuiknown. f.l) Chip fracture of the head of the femur and 
....c.uri, of tile acetabular margin, giving rise to two loose bodies, 
i i: b-du - were removed, and the function of the hip joint was per- 
ouly ].anial recovery occurred in the sciatic nerve, which was 
2 ^ 0 ! at time of the original accident. (4) Chip fracture 
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(if :i imisixi) <tf ih'- <<! ih-' innnr !;ivin!.’ li'-c In ;i lnn>.c hnfly. 'I'lii;- 
liivly ;niil '.Iv' 

/j!;;n:V,< !n jh.r I'ihiM f.iihniirnt of ihr Kitrr Joint.— 

th;-,; iiijiity In !h<' Jiliiiil Ii!;;iincnt of tiic knee 

joint is ihr conintoni •-! injiny in tiii-. }(;;inn. 'I'lif injury occurs ihrotiy'li 
hcinlini;. v.hich • > the n]t]-!-r ;in<i !ov.cr join! siii fnccs; llironftli 

siiclchini.’. v.!)i( h » rm in- of n vri.il tynf--. .'iiid lhrosii;ii side Itciidinf,'. 
wliK'ii ]>roili:cc'- nn in(!i;i'.c.l In ilv iniklcr enscs there is a 

sltaij) ]>,hn iinna <!ia!c]y or jsiin only after a nninlier of lionrs. The 
knee is n--nal!y h'-M in ' li!;ht liexion : there is some swellin.y' on tlie 
inner side of tlie kti'-e. In the jiiok' se\ere ea'-c'. hemorrhage int<» the 
joint of the knee is the jnle; jsiin is not as definitely localized as in 
the mikler case'-. Complete cNtension of the knee is restricted chiefly. 
Lateral stretehiii}; of the knee eaii'-es pain referre<l to the tihial col- 
lateral liitament. .‘'ometimes there is an ahnormal amount of lateral 
motion. These severer injuries are fre(|nently associated with chanj^cs 
m the internal nienisens. The dit'iVrentiation hetween an injury to the 
meniscus alone and an injury to the tihial collateral li.Ltament i.s shown 
ky more severe ]»ain innnediately in the former and slowly developing 
pain in the latter. 'I'he localization <if the pain is helpful. I’ain occurs 
on attempted adduction of the knee only when the ligament is alTected. 
Hemorrhage into the joint is usually the result of an injury to the liga- 
ment. 1 here is greater hindrance to e.xtension when the meniscus is 
injured. Roentgenograms often .show bony spicules torn oiT in injury 
fo the tihial collateral ligament, while they show no changes in the 
meniscus. Severe tears may le.ad to an unstable knee and to arthritic 
changes. Bowing sometimes ilevelops. more so in the heavy patient. 
Lntcr limitation of motion m;iy develop from faulty healing of the 
iganicnt. For treatment the author advises fixation of the knee in 
extension in a jilasler cast. Hemorrhages should be aspirated immedi- 
ately, and a pressure bandage applied before the cast is put on to avoid 
^ recurrence of the hemorrhage. Fixation should he continued for 
lom four to eight weeks, according to the severity of the injury, the 
constitution and the age. In young jicrsons from one to two weeks 
IS often sufficient. Walking in the cast is permitted immediately. Bad 
resii ts occur from improper fixation, fixation in flexion or hyper- 
extension, failure to remove the hemorrhage and early massage, which 
tends to increase the bleeding. 

Tennis Elhozv. — Carp®'’ advocated a new form of treatment for 
epicondyliti s (tennis elbow). The treatment consists in applying firm 

32. Rcgelc, H.: Miinchen. med. Wchnschr. 79:1474, 1932. 
tis' A -k. : Tennis Elbow (Epicondylitis) Caused by Radiohumcral Bursi- 
tiori Clinical, Roentgenologic and Pathologic Aspects, With a Sugges- 

ts to Treatment, Arch. Surg. 24:905 (June) 1932. 
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pressure rvith the thumb to the region of the bursa over the radio- 
humeral joint. Such pressure is maintained for two or three minutes 
until it is felt that the bursa has been ruptured and its contents allowed 
to escape into the surrounding tissues. In some cases the relief from 
pain is striking. The anatomic, clinical, roentgenologic and pathologic 
aspects of the condition were reviewed, and the details of 8 cases were 
given. Four of the patients were treated by applying digital pressure 
on the bursa. All recovered almost immediately, and there were no 
recurrences. One patient was treated by operation, and the others were 
given physical therapy, and splinting was applied. 

OPERATIOXS ON THE BONE, JOINT AND TENDON 

Prelnninary Implantation of Bone in Psendarthrosis. — Maj'eda 
applied the method proposed by Axhausen in 1928 to infected pseud- 
arthroses. It is of value when one wishes to save the time which 
ordinarily is permitted to elapse between the healing of an infected 
psendarthrosis and the date when a bone graft operation can be per- 
formed. The infected pseudarthrosis is drained and permitted to heal. 
Soon after healing, possibly even while a granulating area persists, a 
tibial or preferably a costal segment covered with periosteum is implanted 
in the healthy soft tissues immediately adjacent to the site of future 
bone grafting. This graft is permitted to develop a blood supply. 
At the next step, the graft is exposed over one aspect and brought in 
contact with the freshened pseudarthrosis and fastened in place with 
wire as a massive onlay graft. If infection develops, it obviously will 
not destroy such a vascularized onlaj'- graft. 

Dupuytren’s Contracture. — Davis reviewed the results of the treat- 
ment of Dupuytren’s contraction in 42 cases, as follows; Excision of 
fascia was performed in 31 cases, with 12 perfect results, 10 partial 
returns of the contracture, 3 complete returns of the deformity and 6 
anatomicall} perfect results that were functionally useless on account 
of painful scar, digital anesthesia or both, causing total incapacity. 
Multiple subcutaneous division was employed in 8 cases, with 6 perfect 
results. 1 partial return of the contracture and 1 complete return of the 
contracture. Injection of fibrol)^sin was tried in 3 cases, with no perfect 
results, 2 partial returns of the contracture and 1 complete return of 
the contracture. Davis concluded that as the guarantee of cure remained 
far from certain even following major operative procedures, the minor 
operation of multiple subcutaneous fascial division should be adopted, 
and repeated if necessary. 

34. Maycda. T.; Deutsche Ztschr. f. Chir. 236:159, 1932. 

3e. Davif, Brit. J. Surg. 19:539, 1932. 
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[Ed. Note. — Souk* of the editors lake exception to the author’s 
conclusions. Excellent re.sults can he obtained hy thorough excision of 
the contracted tissue, hut in some instances this must be followed by- 
plastic operations to close defects in the skin. Successful results by this 
method have been reported by many authors.] 

Aplyroach to Ihc .■liitcrinr Portion of the PJbow Joint . — Gcrlach 
reported the end-results of 2iS o])erations on the anterior ])ortion of the 
elbow joint, using the operation devised by Lawen.''' The operation was 
performed through an anterior midline incision over the elbow joint; 
the tendons of the biceps and the brachialis muscle were split. This 
operation was found iiarticnlarly useful in the removal of foreign bodies 
from the anterior com]:)artment of the elbow joint, and in the open 
reduction of fractures with anterior displacement of fragments. The 
author stated that there was no danger of injury to the nerve in this 
operation, and that the only blood vessel encountered was the medial 
cubital vein, which was ligated in each instance. For foreign bodies 
much displaced ulnad, a small transverse incision in the longitudinally 
split capsule gave adequate exposure. In the latter operations the joint 
capsule was not sutured ; the author believed that the drainage which 
this permitted was advantageous. Primary healing was observed in all 
cases. Physical therapy was begun in from eight to ten days. In 19 
cases in which the end-results were obtainable, there were 10 excellent 
results and 1 ankydosis. 

Recurrent Inferior Radio-Ulnar Dislocation . — Eliason described a 
new operation for recurrent inferior radio-ulnar dislocation. A strip of 
fascia was passed around the lower end of the ulna, and then both ends 
of the fascia were carried through a drill hole in the radius running 
from the posterior and ulnar aspect forward and outward to penetrate 
the outer radial cortex about Ijd inches (3.14 cm.) above the radial 
styloid. It was necessary to perform a secondary' operation on the same 
wrist six months later because of a severe strain produced by sharply 
supmating the wrist. At the second operation the anterior and posterior 
radio-ulnar ligaments were plicated to take up the relaxation of this 
structure. In addition, a portion of the ulnar attachment of the pronator 
quadratus muscle was shifted distally and sutured over the joint as 
an additional splint. The author recommended that both procedures be 
carried out at one sitting. 

[Ed. Note. — ^This seems to be a rather elaborate procedure. One 
should consider whether subperiosteal resection of the lower end of the 
ulna as advocated by Darrach would not give a better functional result.] 

36. Gerlach, K.; Beitr. z. klin. Chir. 153:589, 1932. 

37. Lawen, A.: Arch. f. klin. Chir. 162:521, 1930. 

38. Eliason, E. L. : Ann. Surg. 96:27, 1932. 
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Operative Fusion of Unstable or Flail Knee in Poliomycliiis.~C\Q.v<i- 
land presented a study of 90 patients with infantile paralysis on whom 
operative fusion for flail legs had been performed. The youngest patient 
was 9 years of age ; the oldest, 33 years ; the average age was from 
15 to 16 years. In practically all cases the reason for fusing the joint 
was to obviate the use of a brace. Practically no increase in shortening 
was obtained after operation, it being on an average 2 inches (5 cm.) 
as compared to 1)4 inches (4.37 cm.) before operation. In all but 2 
patients fusion was obtained at the first operation. Flexion and knock- 
knee deformity occurred in IS patients following the operation and were 
due to hamstring contracture and ununited epiphyses. These compli- 
cations required secondary corrective operations. In 85 per cent of the 
patients good cosmetic and functional results were obtained. 

FRACTURES 

Fractures in and Near the Ankle Joint. — ^Is'Iiller,'^® in discussing frac- 
tures in and about the ankle joint, stated that reduction is usually quite 
easy if undertaken in the first few hours after the fracture occurs. 
The most satisfactory anesthesia is from 10 to 15 cc. of a 2 per cent 
solution of procaine hydrochloride injected into the hematoma about 
the fracture. It is most important to secure the normal relationship 
of the articulating surfaces of the ankle joint. Immobilization is main- 
tained by a plaster cast which is bivalved for physical therapy in one 
week. Weight bearing is not permitted until firm union of the fracture 
has occurred, which is usually in eight weeks. 

Fractures and Epiphyseal Separation at the Ankle. — Bishop 
reviewed the classification of fractures of the ankle proposed by Ash- 
hurst and Bromer, i. e., according to the mechanism of production, and 
classified 300 cases in this way: {A) fractures caused by external rota- 
tion, 54.4 per cent; (B) fractures caused by abduction, 26.3 per cent; 
(C) fractures caused by adduction, 14 per cent; (Z?) fractures caused 
l)y compression, 4 per cent, and (£) fractures caused by direct vio- 
lence, 1.3 per cent. His percentages in the various groups were almost 
identical with those given by Ashhurst. He then reviewed 32 fractures 
associated with separation of the lower tibial epiphysis and classified 
them m the same w'ay: (A) 18.7 per cent, (B) 12.5 per cent, (C) 53.1 
per cent, (D) 12.5 per cent and (£) 3.2 per cent. There were incom- 
plete data on the end-results, indicating that deformities of growth from 
injury to the epiphysis w’ere rare. 

39. Cleveland. M.; J. Bone & Joint Surg. 14:525, 1932. 

40. Miller, O.: Kentucky M. J, 30:407, 1932, 

tl. Bishop, P. A.; Am. J. Roentgenol. 28:49, 1932. 
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Fractures of the Shafts of the Tibia and Fibula. — ^Jones described 

a new type of apparatus for reducing fractures of the tibia and fibula. 

It consisted essentially in a thigh support which could be fastened to 
any table over which the leg hung at a right angle. A pin was passed 
through the os calcis ; a stirrup was fastened to the pin, and the stirrup 
was then fastened to a traction bar, counteraction being gained against 
the thigh support. As traction was maintained, alinement was perfected 
by manipulation of the fragments. A nonpadded cast was then applied 
from the toe to the tibial tubercle. As the plaster dried, the knee was 
straightened to an angle of 20 degrees of flexion, and the plaster was 
carried to the groin. 

Fractures of the Shafts of the Long Bones. — Schaanning reviewed 
the treatment of 260 fractures of the shaft of the long bones between 
1919 and 1928 at the Rikshospital, Oslo, Norway. Of these fractures, 
there were 113 in the lower leg, 89 in the thigh, 30 in the upper arm 
and 28 in the lower arm ; 46 were compound fractures. Eighty patients 
were treated by operation, and in the remainder the fractures were 
reduced by manipulation. Operations were performed most frequently 
on the forearm, in 53.5 per cent of this series. Operation was usually 
performed in the first or second week after the injury. The indications 
for operative intervention were: (1) interposition of muscle or nerve, 
(2) possibility of injury to the blood vessels, (3) irreducible dislocation, 
(4) multiple fractures in the shaft of a bone, (5) danger of fusion of 
two adjacent bones and (6) failure to unite in a reasonable length of 
time. Operative reduction was undertaken on all fractures of the patella 
and olecranon. The period of convalescence averaged seven months in 
the nonoperative cases and ten and three-fourths months for the patients 
who were operated on. The methods of operative reduction were as 
follows: plating with the Lane or Lambotte plate, replacement of the 
fragments, encircling by the Parham band, wire suture, use of an ivory 
psg in 1 case and bone grafting in 1 case. The author believes that 
operative intervention is an admirable supplement when nonoperative 
manipulation fails. The best results were obtained when operative 
intervention was undertaken early. Compound fractures were an excep- 
hon to this, since early operation often caused widespread infection. 

perations were unusual on children under 10. In elderly patients the 
general condition of the patient was of more importance than the age. 
n operative fixation the author found the Lane plate the most satis- 
actory measure. He did not believe that the foreign bod}'^ hindered 
on}'- union. There were 2 deaths, 1 probably due to fat embolism. 

1^ cction occurred after operation in 8 patients; 7 of these had com- * 


4 ^' 1°?“’ Bone & Joint Surg. 14:59, 1932. 

c laanm’ng, C. K. ; Acta chir. Scandinav. 70:1, 1932. 
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pound fractures. In a few cases (number not given) the Lane plate 
had to be removed because of persistent tenderness. 

Fractures of the Neck of the Femur.— GiW " presented an excellent 
summary of the various methods of treatment of fractures of the 
femoral neck and deplored the fact that it is impossible to coni])are 
statistics because in some clinics cases are selected and in others they 
are not. He dealt with the more common methods of closed and open 
reduction and evaluated each fairly. He also discussed the tieatment 
in cases of nonunion. He held that in certain cases operative fusion ol 
the hip gives the best results. 

Autogenous Bone-Graft Peg iii Fresh Fractures of the Femoral 
]\Tgck . — Albee described his technic for the open reduction and peg- 
ging with an autogenous bone graft of ununited and fresh fractures of 
the femoral neck. The author stated that as nonoperative methods had 
shown such poor results and as the operative management was not 
tedious or hazardous, all fresh fractures of the femoral neck should be 
treated by autogenous bone pegging. This procedure was stated to give 
excellent results. 

[Ed. Note. — We believe that the treatment of fractures of the neck 
of the femur represents a complex problem. Operative treatment is 
permissible in the hands of good surgeons, but it has not yet been 
proved that better results are obtained than b}" the HHiitman method 
of treatment.] 

Treatment of Compression Fractures of the Vertebrae by Roger’s 
Frame. — ^hlitchelH® advocated the use of Roger's frame in treating 
compression fractures of the spine. Patients were kept recumbent in 
hyperextension after reduction ; then a brace was worn for from three 
to six months longer. Reduction was sometimes accomplished one 
month after injur 3 \ Laminectomy was indicated only in the presence 
of neurologic findings and a positive Oueckenstedt test. 

Fiactuics of the Cervical Vertebrae. — Ten cases of fracture of the 
cenneal vertebrae were reported in detail by Laesecke.^" Conservative 
treatment was used even when injuries of the cord were present. Not 
infrequently complete healing took place. He warned against too early 
resumption of weight bearing on the injured spine. 

Fractures of the Pelvis. — Leadbetter discussed the treatment of 

fractures of the pelvis, basing his conclusions on a study of 100 cases. 

c stated t hat no one trpe of treatment was applicable to any type of 

M. Gill, A. B.; Ann. Surg, 96:1, 1932. 

45. Albec, F. H. : California & West. Med. 37:1, 1932. 

46. Mitchell, J. I.; South. M. J. 25:473, 1932. 

47. Laesccke, M.; Deutsche Ztschr. f. Chir. 236:329, 1932 

48. Leadbetter, G. W.; South. iM. J. 25:742, 1932.~ ’ 
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pelvic fracture : each rc])rcscntcd a problem in itself. The aim in each 
case was to bring about as perfect a restoration of the pelvic ring as 
possible. Onl}’ in this way could the late sccjuelae resulting chiefly from 
faulty body mechanics be avoided. The author found that a fracture of 
one or both pubic rami was the commonest type of fracture. Fractures 
of the upper third of the iliac crest were next most common. Separa- 
tion of the sacro-iliac joints with displacement of the ilium was seen in 
10 per cent of the cases. It was noticed that when multiple fractures 
occurred they all tended to be in the straight line. The author found 
congenital anomalies of the lower part of the spine or the pelvis in 67 
per cent of the cases, but he was unable to state whether they were a 
predisposing factor in the causation of the fractures. The author used 
suspension-traction most commonly. Comfort and easy reduction of the 
fractures were observed in almost all of the patients so treated. In cases 
in which reduction was not accomplished in forty-eight hours, skeletal 
traction was used. Traction was continued for six weeks, and the 
patient was kept on a jdaster board for two weeks more. Weight 
bearing was permitted in ten weeks. 

RESEARCH 

Effect of Parathyroidectomy and the Administration of Parathor- 
mone on Bone Repair. — Dragstedt and Kearns excised a small seg- 
ment of bone from the femur in 20 dogs and noted that the rate of 
repair was quite uniform unless distemper or diarrhea developed. On 
an additional 22 dogs thyroparathyroidectomy was performed after the 
femoral defect was produced. The development of tetany was controlled 
by the administration of calcium. Thirteen dogs did not survive the 
necessary sixty days of observation. In the 14 dogs which remained 
m comparatively good health and had received from ^ to lj4 units of 
parathormone per kilogram per day, the rate of healing of the femur 
was essentially the same as in the control series. 

Intrinsic Circulation of the Vertebral Body. — ^Wagoner and Pender- 
grass investigated the circulation of the blood within the vertebral 
body in the lumbar spine. The chief blood supply was from the lumbar 
arteries, the branches of the abdominal aorta. On each side of the 
vertebral body there was an anterolateral and a smaller lateral artery. 
A dorsal branch, sent many small arteries directly into the bone. This 
dorsal artery divided at the intervertebral foramen into a spinal branch 
nnd a muscular branch. Each vertebral body was drained by four 
venous trunks, one vein leaving from each side of the body and two 

49- Dragstedt, C. A., and Kearns, J. E., Jr.: Experimental Study of Bone 
epair: Effect of Thyroparathyroidectomy and of the Administration of Para- 
thormone, Arch. Surg. 24:893 (June) 1932. 

^0. Wagoner, G., and Pendergrass, E. P. : Am. J. Roentgenol. 27:818. 1932. 
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from the foramen in the center of the posterior vertebral wall. The 
lateral veins emptied into the lumbar veins, and the i)ostcrior veins 
emptied into the anterior longitudinal meningorachidian veins. The 
vertebrae were found to contain much blood, which had a sluggish rate 
of flow. There was a large venous reservoir in the midportion of the 
vertebral body. Here the normal venous wall was replaced b}- a single 
layer of flattened endothelial cells. The large venous channels probably 
played a role in the formation and destruction of blood ; they removed 
and destroyed bacteria and were a factor in the localization and c.xten- 
sion of disease processes in the vertebrae. 

Roentgen Spectrograpldc Investigation of the Crystalline Structure 
of Bone. — Henschen, Straumann and Bucher found that roentgen 
rays might be used like visible light to study the structure of material 
by the spectra produced. Such studies had been performed b)' the 
authors, bone being used. Both normal and pathologic bones were sub- 
jected to study. The significant findings were the verification of the 
crystalline structure of the inorganic salts of the bone. The organic 
portions of bone also show evidence of crystalline structure. The two 
portions of bone, the salts and the fibrils, exhibited absorption in their 
relationship. Also, since the character of bone changed materially with 
advancing years, the authors suggested that the age of bone might be 
approximated from spectrographic plates. 

51. Henschen, C. ; Straumann, R., and Bucher, R. ; Deutsche Ztschr f Chir. 
236:485, 1932. 
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nephroma. 028 
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surgery during pregnancy, 533 
trauma, 531 
tumors, 534 

Kionboch’s disease, 1119 

Klein, E. : Gastric secretion; effect of atropine 
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re.sccted knee joints, 465 

Koontz A. K : Preserved fascia in hernia re- 
hernia's postoperative 

Kralssl C. ,1. ; "Orbital inclusion" cjsts and 
cysto-adenomas ot parotid salivary glands, 

Kubns J. G ; Fiftieth report of progress in 
ortiiopcdic surgery, 923, 1118 

_ "to?1''i 00,'’ 33.5 orthopedic 

vol/m,inn.lA. A.: itevlew of urologic surgery. 


Lactation Increa.sed acid secretion in a tn 

Lc.rrSnn I h "of‘ng lactation,' 

'rnmnin , 1 . It. Resection of sensorv nei 
of perineum in certain Irritative conto 
of the external genitalia. 50 

'■"'h.m'rcti'’ "'-^'onoma of , 

' ^.ri"cX' occh,^i„"n' 

' mcm; "f anteriJr m.cial 1 , 

, , .^-<>-1 in tuborc^.i^o'Jirof 

Jl^l.-b l-ni'llus peritonitis: role 

I.. < '.trr.r! Joint 'iiacc. reduced. 930 


McKeown, R. M. : Breaking strength of healing 
fractured fltiiilne of rats; Influence of hllat- 
eral ovariectomy, 430 

Sladiira foot, third rase of mono.sporosis In 
native American. 205 
Maggots In osteomyelitis, 027 
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Meyer. K. A.: Syphilis of stomach, wltli special 
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Spine, acute osteomyelitis of vertebrae, 169 
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by Roger’s frame, 112G ^ 

curvature ; mechanics of scoliosis, JO- 
fractures of cervical vertebrae, 1120 
fractures of spine, manipulative reduction 

in, 213 ■ 1 
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cord, 312 , „ ,, 
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for, 790 .... , 
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technic, 1035 

gibbus resulting from tetanus, 101 
Intrinsic circulation of vertebral body, 112i 
lateral dislocation of vertebrae, 312 
tuberculosis of verteiiral body, roentgen 
signs, 927 
typhoid spine, 101 

Splenectomy in treatment of lieniorrliagic pur- 
pura, i03 

Splenomegaly, roentgenography of bones in 
Gaucher's disease, 102 

Spondvlitis, tuberculous spondylitis treated at 
Bamelwerd, Germany, between 1912 and 
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Spondylolisthesis, 103 

Staining, selective staining of diseased areas in 
cartilage by intra-articular Injection of 
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Steward, J. A. : Blood supply of large intestine ; 

its surgical considerations, 843 
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tion of transplanted gastric pouches, 240 
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syphilis of stomach with reference to recog- 
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gastro-enterostomy following various meth- 
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malignant goiter, 703 
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blood according to laiwcnsteln’.s nietliod In 
tuberculosis of bones, 920 
in blood, 92C 

Tuberculosis, liver meal in treatment of 
amyloidosis In surgical tuberculosis, 103 
Tumor, giant cell tumor, 929 
reaction of muscle tissue to tumor. 930 
roentgen treatment of giant cell tumor, 929 
Typliold spine, 10 1 

Ulna, recurrent inferior radio-ulnar disloca- 
tion. 1123 

Ureter, mycosis ureteritis, 717 
surgery. 712 
tumor, 710 
Uretlira, tumors, 730 
Urinary antiseptics. 733 

Urine, plastic operations for Inrontlnence of 
nrliic and feces, lot'.’ 
reflux. 713 
Urography, 732 

Urologic surgerv. review of iirologlc surger.v, 
522, 712 

Urology and gynecology, 734 
■Uterus, diseases of bone after 'roentgen treat- 
ment for uterine carcinoma, 929 

Varicose veins, ligation of saphenous vein; 

report on 200 ambulatory operations, 72 
Vasoconstrictor libers ; peripheral course ns re- 
vealed by a roentgenograplilc method. SOS 
Vein, ligation of saphenous vein ; report on 200 
ambulatory operations, 72 
Verbrugge, J. : Review of urologic surger.v, 322, 
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Vertebra : See Spine 

Vulva, resection of perineal nerves in Irritative 
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Vynalek, W. .1. : Spontaneous nontrauraatlc 
perirenal and renal hematomas, experi- 
mental and clinical study, 19G 


Sugar, surgical attempts at increasing sugar 
tolerance, 730 

Supvarenals, tumors of, 538 • 
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tubed skin flaps; experimental study, 27 
Swenson, P. C. : Roentgenology of experimental 
mesenteric vascular occlusion, 20 
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fects in bone and of detects in cartilage 
after sympathectomy, 272 
periarterial sj-mpathectomy as compared to 
sympathetic gangllectomy. 308 
S.vplillls of stomach, with reference to recog- 
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Talipes calcaneus, operative procedures for 
paralytic talipes calcaneus, 339 
Tendons, operations, 1122 

rupture of extensor and flexor poUicls longus 
tendons following Colics' fracture, 337 
Iranslnc.stlon of teiidon.s, 337 
Tcsiis. carcinoma of, 727 

l.vropli vessels in rahblt carcinoma, with a 
note on normal lymph vessel structure of 
tcstls, f,02 
iindcscendcd. 723 


Tetanus, gllibus resulting from tetanus 1C4 
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ently nondiabetic patients with nonliealtng 
wounds. 090 

Wrist, mechanics of muscular contractures in 
wrist and fingers, 330 


tri'ilrr.cr.t of compression fractures of articii- 
I.ir -nrf.icc nf lltda, 340 


Yater, W. 'M. ; Transplantation of intact mam- 
malian heart, 219 



